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NCAR  PANEL  ON  SCIENTIFIC  USE  OF  BALLOONS 
MINUTES,  16-17  SEPTEMBER  1964. 
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NCAR  Panel  on  Scientific  Use  of  Balloons 

Minutes 

16-17  September  1964 


The  meeting  was  called  to  order  at  1:00  p.m.  on  16  September  1964 
'.’ith  the  following  members  present:  James  Angel  1,  Allen  Hynek»  Urner 
Ludcll  and  Edward  Ney,  Present  from  NCAR  were:  Thomas  Bllhorn,  Robert 
Kubaca,  Vincent  Lally,  Alvin  Morris,  Daniel  Rex,  Walter  Roberts,  Stanley 
Ruttenberg,  Samuel  So lot  and  John  Sparkman. 

Mr.  Morris  indicated  that  Drs.  Pater  Meyer,  John  Strong  and  Verner 
Suomi  were  unable  to  attend.  Dr.  Suomi  is  assuming  new  duties  at  the 
Weather  Bureau  and  was  unable  to  get  away;  Dr.  Strong  is  111;  Dr.  Meyer 
was  urahle  to  resolve  a prior  commitment  Since  a new  Department  of 
Defense  representative  has  not  yet  been  named,  the  EK)D  advisors  were 
not  invited. 


Dr.  Rex  asked  the  Panel’s  reaction  to  the  new  schedule  of  the 
meet ing- -start Ing  at  noon  on  one  day  and  ending  at  noon  the  following 
day.  There  was  general  agreement  that  the  new  schedule  was  excellent. 

Chairman  Ney  then  called  the  Panel's  attention  to  Agenda  Item  1 - 
Approval  of  Minutes  of  Meeting  of  19  May  1964  The  Panel  deferred 
action  or:  tbit  matter  until  the  members  could  study  the  minutes  more 
caife fully  since  none  of  them  had  been  present  at  the  last  meeting. 

Discussion  of  Agenda  Item  2 - The  Palestine  Clam-Shelter  Building  - 
was  initiated  by  Dr,  Rex  who  commented  that  an  inflation  shelter  has 
been  on  the  Panel  agenda  and  in  NCAR's  plans  for  the  past  two  years.  The 
Panel  had  made  suggestions  and  taken  note  of  progress  in  the  past.  We 
now  believe  that  we  have  a practical  and  effective  shelter  plan  and  a 
realistic  estimate  of  Its  cost.  NCAR  management  has  approved  the  plan 
for  construction,  but  we  wish  to  have  Panel  endorsement  of  the  plan 
before  seeking  NSF  approval. 

Dr,  Kex  had  written  letters  to  Dr,  Alvin  Howell  and  Dr.  Martin 
Schwar zschild  requesting  their  individual  opinions  as  to  the  advisabil- 
ity of  Ftiuctlr.g  the  shelter.  Copies  of  their  responses  (attached 
as  Appendix  A)  were  distributed  to  the  Panel  members. 


Dr,  Roberts  then  pointed  out  that  the  inflation  shelter  had  been 
deleted  from  the  fiscal  1966  budget  request  with  the  understanding  that 
NSF  would  receive  a request  for  supplemental  funds  for  construction  of 
the  shelter.  He  further  stated  that  he  felt  that  the  NCAR  staff  had 
done  a magnificent  job  of  evaluating  the  capabilities  and  usefulness 


o f 


shelter.  Although  the  staff  and  Dr  Roberts  are  completely 


luced  th.'it*  the  shelter  will  be  a substantial  asset  to  the  ballooning 
program,  Dr.  Rcbeitf^  telt  the  need  of  a firmer  endorsement  from  the 
Panel  that  the  inflation  shelter  should  be  a positive  goal  for  NCAR 
before  proceeding  further. 
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ir.tiatlon  shelter  f. I .-in  l;  ‘ i.  ' ^ tl'jWLag 

■ o(  uie  with  expected  Id'tu^-.  • c rrcntl*  proposed 
•-  t l ength  of  the  buildir^g  , I lt«'  ib  llty  to  withstand 
'V.  !i*i.dir.p  with  varying  dert^rs  of  opening  and  in  various 
letive  to  the  wind;  increa::ed  sat:ity  of  flight,  operations; 
of  flight  operations:  better  rsrfvi  T*anr.3  of  b-«  ient  i f tc 
h • :aCi!‘e  deliberate  and  tboro  i^b  g'"’i:-!d  cb.ec’<;  and  reasons 
^ i:  ; be  ahc -tvi  frooi  the  previously  proposed  iite. 


V 

r ifc.  - 


'’e.  ■.  It  was 

moved  and  secc;,ded 

that 

the  Panel 

endorse 

NiXK'jr  ^ for  the 

const  rue tio"*  oi  tht 
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oon  irflati 

Q W t*  '* 

^ fe>  L 1 w X 

*.s*  *At -^d . Motion 
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ied  with  Chulrncn  N'-y  its  cal ning. 
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/r  %■  r- 


t 'uh  .i  discussion  of  the  infiStirn  ':.balt=*r  indicated  that  so-na 
cxirt-d  b»^ cause  the  cost  estiiT.ate  was  cot  a firm  bid  and  because 
i.r  '1  - uc  v.ricd  comparison  between  the  clam  shelter  and  other  possible 

do-  ! -p  ..  it.  vas  pointt’d  out  that  MCAK.  TLay  have  to  wait  two  years  to 
c ji*in  funds  to  build  a shelter  and  that  no  contractor  would  make  a bid 
V.  v: : d re;main  biading  that  jeng.  Also,  other  design  configurations 
'..or?  1 derad  and  ba.l  baec  ahc.:.dfr.ed  for  reason..-  which  ir. eluded 
1'  strength  and  utility.  Detailed  coct  corapar uons  die  not 
Oil  - sf  warranted,  NCAB  fait  that  the  cost  csviT^^ce  was 
ii  .- Vjc  as  possible. 
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Agr:  id-.  Item  3 - Proposal  for  Support  of  the  Spect ro-S tratoscope 
m Progia.Ti  - was  the  next  ite.r.  of  discussion.  The  Panel  had 
V- - 'tea  at  the  last  meeting  that  we  obtain  coiranents  from  outside  oi 
A.R . Copie,  of  the  rc.piiee  to  Dr,  Roberts'  enquiry  were  distributed  to 
‘jrar-cl  (attached  as  Appendix  P)  . Mr.  bally  indicated  that  Mr.  Sparkman 
• ’ i:  = a tentatively  assigned  to  the  program  as  tr.anager,  that  Ki.eper.l' euer 
^ dec  idee  C'>  pcrchasa  ai,  NCAR  developed  PCM  system,  and  that  Xiaper  heuer 
' ropes ed  to  cbcain  support  for  balloons,  haliun,  etc,  from  a US  agency, 
-.c  'ssicri  empha  iii'-d  thti  thi  i was  ar.  int^irnat ional  cooperative  program 
'•'i.ne  import ancr  end  that  the  support  required  of  NCAR  is  fundamentally 
trational  in  nature. 


Action  Nc . 


7 • 


The  Panel  f.ndor.^ed  the  scientific  objectives  of  the 

f ■ ■ ■ I..! — >-ii  ■ I ■ PI  ' II  I , idU  -ji— ^ - » , - 


a 1 and  r *=> c cm -ne n d l 1 thuc  NCAR  support  the  program,  v^ith  the. 
' derstanding  the r cost.-  to  NCAR  would  be  nominal  support  costs. 


?t  CO  include  b 


_ • i 


^ y •">  moved,  s 


b'~  ! 1 .•rn,  or  other  directly  as--=i  Igna bin  ■: ost? 
I ^T-.d  carried  unanimously. 
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ret.ir  i'g  t Agee  da  Item  4 - The  IQSY  Expedition  i. 

Cl.-'-  ..d  ibn  bduugrc-un.i  ni  the  IQSY  program.  He  said  that 
-.sru  r j iLi  1 ' ty  L%  r th-:.  r/^'oer-u  ha.-  been  assigned  to  the  National  Sci^-cur 
P’cundaticn  and  that  NSF  iwid  suggested  th.st  NCAR  manage  the  program, 
line  with  NGAR  policy  that  ve  avoid  accepting  and  operating  field  pro- 
jecL-  ether  than  at  our  fixed  bases,  it  was  decided  that  NGAR  would 
c-niriict  with  in  Industrial  group  to  run  the  program  and  that  NGAR 
wou  .d  provide  a program  manager  and  a scientific  coordinator. 
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~t  pr  ;j,ram,  NCAR  hid  Srli;0.  L*.d  Win.:o.n  bai  Icons 
1 1 ; " a 1 • ’1  that  *he  bailooriS  be  rranvf  a cLur^d  ir.  Mir.pjapcl 

j i t,  jT  ?ct  ior  by  NC' aH  , lod  that  manuf  a-cture  by 

V. . ;;npI»T yiLr-t;  of  NCAH';i  ohoict.  NCAR  will  take 
-'’  .igli  t r-dia  to  picvida  in  ^0%  back-up  for  tht  flights 

l 5 i r 1 , 


\ 

I ’ V*  'i 

■fc  ■ ^im 


- rv  1 


*-  * 


* < 


Kit  ' ^ 
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7 ci  t-;icl  tb-iir.  Ravi:.  Ic.d'j  t t ! cs  had  taeri  itil-cted  to 
1 3 * ',a  ;. ''tgran  and  that  two  p^ylci’di  'i'- ■>  plar^.c.ed  ou  most; 
: ^ - i 7.d - t will  p r ov i de  6 c v - : a 1 c b < ■:  -v * r s i will  fly 
.‘.I  . ' t 'h-’Tr  ovT,.  A fild  t “ i ;•  ti.  Tak-  di' i orr.at  i c ar.d 

-*rt Is  icd  to  sel  !CL  -slt--.  ii  ola  o-  f d. 


Act.  ioa  Nc  . 3: 


r was  Tiovsd  ^.r.d  secrnd  jd  that  tb**  Panel  notes 


wit’ 

h Liiter-‘st  the  NCAR.  p'its  for  the  " ^SY  rxpediLioi 

* tv  T"tua, 

in  d 

It  ( t bn  Pa:.  ■*  l)  as c un-.  t h . c i - n 1 1 f i c va , 

Loc  ii  \ 

L^'  0 exp  r 1 - 

*1'  > ^ 
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t s [•  T a b -i  en.  c va  1 u a t u d by  o t h ^ r n-  ■ . Mot 
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. I.iliy  Lher.  asked  the  Fi:  il  s opin'io"  cf  NCAR ' s assumption  of 

It  w.^s  ...iT'c-j  l it  tbrit  previous  fanel  advice 


typo  rj-  program* 


i'>  'C  AR  wa.s  to  ..darr.  the  art  iiod  t '■=- 
h;  this  c i-a  We  are  trying.  Lc-  e.'npl.oiy  c^  r 
.abilities  t«t'  bstt  advantage  while  ill  11 


7 ccntractir4g  agency. 
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LOil  and  technical 


gi.’i'g  industry  the  opportunity 
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.irticij.ata  and 
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r fc  t a i r,  its  c ap ab  i i 1 1 y 


h.-  Panel  infoitnally 


'dtrstd  Dr,  Ney's  seat  ament  that  the  approach  to  the  program 
hfV' d 1 i ng  are  in.p less  ivc  , 


its 


S ' 1. c n lid  1 c. er  r. nd  ' . t i i tbs  f c - ’ 


g inorning 
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The  ‘g  cill^id  to  ord^t  .igair  o.*  9:^0  a.m,  on  17  September 

with  discussion  cf  Agenda  I ten  5 - A; 

u & 1 r c 


al  Kep'rt.  Discussion  was 


r^ 


v; 


rr.'iG  *iih  msn!.s  t:  make  tbe 
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cot  summaries:  that  a summarv  sh^et  'or  i.. 


CiOrt*.  useful.  General 
should  be  added  to  the 
j 1 '.ght£  h i included  to 


1 '1  referring  to  one  particular  flight;  t*":’’.  , it  possible,  a corn- 
et. rhic.inrci;  <rrd  that  the 
■ --d  a." cent  rate  bo  carefully 
..ggfeSuior.s  concerning  develop 
rrch,  high  alritude  balloons, 
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Page  4 


Action  No 


The  Panel  took  note  of  and  d is  cussed  the  1^6"^  Annual 


Re  port,  recomiTiond  i ng  that  in  the  future  each  sc  tent  Li  ic  project  be 
descr i b ed  more  fully  and  suggesting  that  a concise  flight  summary 


be  provided  in  which  page  numbers  of  the  detailed  indi vldual  sum- 
maries  are  given. 


Mr.  Lally  then  distributed  a statement  concerning  actions  taken 
by  NCAR  on  recommendations  made  by  the  Panel  at  earlier  meetings  (attached 
as  Append iM  C)  . 


The  Panel  then  observed  that  there  will  be  a notable  eclipse  during 
1966  and  discvissed  the  possibility  for  use  of  balloons,  including 
tethered  balloons,  for  an  expedition  during  the  eclipse. 


Action  No.  6;  It  was  moved  and  seconded  that  NCAR  make  informal 
enquiry  as  to  progress  of  the  tethered  balloon  protect  at  NOTS 
with  a possible  view  toward  future  cooperation.  Motion  carried 
unanimous ly . 

Action  No.  7:  It  was  moved  and  seconded  that  NCAR  take  note  that 

a very  auspicious  total  solar  eclipse  will  occur  in  May  1966  in 
South  America  and  the  South  Atlantic  which  will  offer  possibilities 
for  good  eclipse  observations  by  balloon-borne  instruments.  Motion 
carried  unanimously. 

Following  the  discussion  of  NCAR  actions  on  previous  Panel  recom- 
mendations, the  Panel  returned  to  Agenda  Item  1. 

Action  No.  8:  It  was  regularly  moved  and  seconded  that  the 

minutes  of  the  previous  meeting  be  accepted  as  read.  Motion 
passed  unanimously. 

■i 

The  meeting  was  then  adjourned  without  setting  a time  for  another 
meet ing, 

* 

End  of  Minutes 
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APPENDIX  B. 


AuNNUAl.  REPORT  --  NCAH  SCTENIIFIC 

BALLOON  FAClLm. 


(Bound  Separately) 


APPENDIX  C.  INSTITUT 
D'ASTROPHYSIQUE 


APPENDIX  C. 


INSTirUT  D’ASTROPHYSIQUE  REQUEST 


FOR  BALLOONING  SERVICES 


Appendices  . continued 


B.  Annual  Report  --  NCAR  Scientific  Balloon  Facility. 

C.  Institute  D ' Astrophysique  Request  for  Ballooning  Services, 

D.  University  of  California  Request  for  Ballooning  Services. 

E.  University  of  Rochester  Suggestion  for  an  Equatorial 
Expedition . 


END 
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S August  19 &5 


Dr*  L*  Ltelboulll* 

Uni vers Ite  de  Liege 
Institut  cl* Astrophysique 
Colnte-Sclessin 

BKLGIUM 


Dear  Dr*  OeXbouiXXet 

Many  thanks  for  your  letter  of  JuXy  29th , which  has  been  received 
while  Or*  !^oberts  is  away  from  the  office*  He  will  be  happy  to  see  it 
together  vdth  tlu-  n»ie  from  Dr*  Mlgeotte,  when  he  returns  toward  the 

end  of  the  nionth* 


I have  font  your  letter  and  enclosures  on  to  Dr* 
D'tniei  F*  ilex,  who  Ir.  Associate  Director  of  NCAK  and  Director  of  the 
Facilities  Division*  The  decision  as  to  the  schedul4ng  of  your  ex- 
periment will  be  in  hands,  so  I'm  sure  you  will  be  hearing  from 
Dr*  Rex  or  one  of  his  colleegues  directly* 

With  best  wishes* 


Sincerely, 


Stanley  Ruttenberg 
Assistant  to  Dr*  Roberts 


cci  D 
SR/es 


F • Rex 


UNIVERSITY  DE  UlYSE 


INSTITUT  D'ASTROPHYSIQUE 

COINTE.SCLESSIN  (BELGIQUE) 

AUG  3 1965 


29  July  1965. 


Dr,  W.O.  ROBERTS 
Director  - National  Center 
for  Atmospheric  Research 
BOULDER  (Colorado) 

U.S.  A. 


Dear  Dr.  Roberts, 

Now  back  in  Belgium,  we  have,  Dr,  Roland  and  myself,  to 
thank  again  you  and  your  collaborators  (in  particular  Mr.  A.  L.  Morris) 
for  your  excellent  reception,  the  help  and  all  the  advices  which  have  been 
given  to  us  during  our  last  visit. 

We  have  also  visited  the  balloon  facilities  in  Holloman  Air  Fore 
Base,  and  our  opinion  is  now  clear.  The  telemetry  and  ground  command 
possibilities  offered  by  the  NCAR  do  fit  much  better  our  experiment,  so 
we  have  no  more  any  reason  to  hesitate.  You  will  find,  here  enclosed,  a 
"more  official"  letter  signed  by  Prof.  Migeotte,  and  applying  formally 
for  NCAR  collaboration  to  fly  our  gondola. 

Confident  that  our  project  will  be  considered  with  attention,  we 
thank  you  again,  and  repeat  that  we  will  be  pleased  to  receive  you  at  the 
Jungfraujoch. 


Very  sincerely  yours. 


L.  DELBOUILLE 


LD/jd. 


UNIVCPS(T£  de  li^oe 


INSTITUT  D'ASTROPHYSIQUE 

COINTE-SCLESSIN  (BELGIQUE) 


30  July  1965, 


Ur,  W.O  ROBERTS 
Dirpclor  - National  Center 
for  Atmospheric  Research 
BOULDER,  Colorado 
U.  S,  A. 


Dear  Dt.  Roberts: 

Drs.  IJelbouille  and  Roland  told  me  how  instructive  has  been 
their  visit  to  NC>AR,  and  how  good  are  the  facilities  of  the  Palestine  base. 

As  you  alrearly  know,  we  are  preparing  now,  with  the  support  of 
the  belyi.iii  governmtmt,  a balloon-borne  experiment  to  study  the  solar 
spectrum,  at  high  resolution,  in  the  1.2  to  3 microns  region. 

You  will  find,  here  enclosed,  a brief  report  about  these  plans. 
May  f officially  apply  to  receive  the  assistance  of  NCAR  to  fly  our  gondola, 
at  your  best  conditions  ? We  actually  hope  to  be  ready  for  a first  flight  at 
the  end  of  thi-  autumn  1966. 

NCAR  telemetry  and  ground  command  facilities  will  fulfill 
perfectly  our  requirements,  enabling  us,  in  fact,  to  increase  the  flexibility 
and  the  efficiency  of  the  first  planned  instrumentation. 

If  this  demand  receives  your  attention,  we  will  be  pleased,  of 
course,  to  provide  you  any  suitable  additional  information. 

/ ' * 

M,  MIGEOTTE. 


MM/jd. 


Tentative  report 

Liepc  program  of  high  resolution  solar  spectroscopy  from  a balloon 


The  study  of  the  solar  spectrum  in  the  lead  sulfide  region  (more 
precisely  between  1,2  and  3 microns)  is  an  important  problem.  Some  hydrogen 
and  helium  lines  appear  in  that  domain,  in  addition  to  many  other  solar  lines 
of  relatively  high  excitation  potential.  The  Michigan  atlas,  recorded  in  1949, 
is  still  the  only  publication  covering  the  parts  of  this  region  that  we  can  reach 
from  the  ground.  Its  resolving  power  of  about  30,000  (0,  1 cm  ; is  not  suffi- 
cient to  give  the  possibility  of  studying  the  profiles  of  the  majority  of  the  solar 
lines  and  it  seems  now  feasible  to  remap  the  same  regions,  from  a high  altitude 
station,  using  the  latest  possibilities  of  cooled  PbS  cells  and  "echelle"  gratings 
of  high  efficiency.  We  plan  to  start  such  a program  in  about  one  year,  using 
the  facilities  of  our  laboratory  at  the  Jungfraujoch  station. 

However,  it  will  be  very  useful  to  extend  the  same  kind  of  observa- 
tions to  fill  the  "gaps"  in  the  Michigan  atlas  due  to  telluric  water  vapor  bands, 

A high  altitude  balloon  is  a powerful  tool  for  such  a study,  in  spite  of  the  fact 
that  many  water  vapor  and  carbon  dioxide  lines  will  still  appear  in  the  records. 

We  must  insist  on  the  importance  of  reaching  the  highest  possible 
resolution.  Solar  physicists  are  now  much  more  interested  in  lines  profiles, 
and  in  center  to  limb  variations  of  these  profiles,  than  in  the  simple  detection 
of  new  solar  lines  with  insufficient  resolution.  In  any  case,  a high  resolution 
will  also  help  to  resolve  the  blending  of  solar  and  remaining  telluric  lines. 

It  is  possible  to  estimate  that  a resolution  of  about  100,  000  will  be 
necessary  to  reach  with  sufficient  accuracy  the  profiles  of  the  majority  of 
infrared  solar  lines.  Actual  gratings  (single  passed)  have  a theoretical  resolu- 
tion of  the  order  of  1 50 , 000  at  2,  5 microns  and  300,000  at  1,25  micron,  but  it 
seems  difficult  (even  with  the  Jungfraujoch  installation)  to  reach  easily  these 
values,  the  limitation  being  given  by  the  insufficient  sensitivity  of  the  detectors. 

We  have  thus  decided  to  design  a balloon-borne  equipment  able  to 
give  the  actually  highest  possible  resolution,  with  a solar  image  of  50  to  60  mm 
in  diameter,  as  needed  by  the  plans  to  study  center  to  limb  profiles  variations. 


Wo  hav<^  had  contacts  with  a few  europcan  colleagues  : Dr,  de  Jager 
(Utr('cht),  Dr,  Novcn  (Brussels),  Dr,  Muller  (Geneva),  They  are  interested 
i ti  oi  - <rfort  to  tie  sin  n such  an  rqnipiTier  + . and  thev  plan  to  use  later  on  our 
f,<y)  In  t ol  1 abor ati on , to  study  specific  problems. 

vV  ('  sliall  tjse  a 3 S cm  diameter  Cassegrain  reflector  (see  fig,  1, 
mit  rrir'^  M , M , M ) installed  vertically  in  the  gondola  and  receiving  the 

^'adintion  from  a plane  mirror  (M.)  accurately  guided  by  a servome- 
t-hri'iism  1.0  maintain  the  solar  image  fixed.  The  entire  gondola  will  be  oriented 
in  azimuth  by  a flywheel  actuated,  from  simple  commercial  sensors,  with  an 
accviracy  of  a few  degrees. 


The  orientation  in  declination  and  the  fine  guiding  in  azimuth  will  be 
obtained  in  mjving  only  the  relatively  light  plane  mirror.  The  spectrometer, 
installed  also  vertically,  parallel  to  the  telescope,  will  be  an  Ebert-Fastie  of 
Z,  5 meters  focal  length,  equipped  with  a Bausch  and  Bomb  "echelle"  grating  of 
102  X 208  mm,  working  at  63",  double -pas sed  with  an  intermediary  slit.  It  will 
use  a mirror  of  40  cm  diameter  and  work  at  about  F : 18,  A good  PbS  cell, 
coolc^l  with  liq\iid  nitrogen,  will  be  used,  to  reach  maximum  resolution.  In 
some  flights,  a broad-band  source  associated  with  a fixed  thickness  Fabry-Perot 
in  an  auxiliary  optical  path  through  the  spectrometer  will  give  fringes  useful 
for  accurate  interpolations  of  lines  positions. 


At  the  beginning,  for  the  first  flights,  we  shall  probably  not  use  a very 
elaborate  guiding  system  : to  study  the  center  of  the  solar  disk,  an  accuracy  of 
- 5’,  which  is  easy  to  obtain,  will  be  good  enough.  What  we  keep  innkind  is  to 
reserve,  from  the  beginning,  the  possibility  to  add  later  on/  various  develop- 
ments : association  of  a scanning  Fabry-Perot  interferometer  in  serie  with  the 

spectrometer,  in  order  to  obtain  higher  resolution  to  observe  the  profiles  of 
.'some  solar  lines  and  installation  of  a very  accurate  guiding  system  for  center 
to  limb  variations  studies. 
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,pcecl,  order  to  sUp  part  of  the  pre- 
s.  To  make  H possible,  a sufficiently 
t;.  od  it^ltjmetrv  will  be  necessary,  permitting  to  "see"  immediately  the  spectrum 
and  absoi  )al(  fi  with  g round -command  facilities. 

T'le  total  weight  of  the  equipment  will  be  of  the  order  of  1200  to  1800  lbs 
and  wc  hope  to  be  ready  for  a first  flight  in  autumn  1966. 
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PROVr  . . non  AKTITUDK  i’ARTIGLE  PHYSICS  EXPERIMENT 
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I.  Introduction 

Until  about  ten  years  ago,  tlic  discovery  of  all  unstable  "fundamental 
particles"  had  come  from  cosmic- ray  experiments.  The  pion,  the  muon,  the 
K mesons,  and  the  three  hyperons  ( A. I , and  ~£  ) were  all  seen  first  in  cosmic- 
ray  experiments.  In  the  past  ten  years,  large  accelerators  have  almost  com- 
pletely supplanted  the  cosmic  radiation  as  a source  of  particles  for  studying  the 
fundamental  interactions.’  Cosmic  ray  physicists  have  for  the  most  part  aban- 
doned their  studies  of  the  interactions  of  the  particles  and  have  concentrated 
their  attention  on  the  cosmological  aspects  of  the  radiation.  This  situation  has 
arisen  from  the  well-known  fact  that  artificial  beam  intensities  in  the  1-25  BeV 
energy  region  far  surpass  those  available  in  the  cosmic  radiation. 

The  situation  in  the  100-10,000  BeV  energy  range  is  strikingly  dif- 
ferent. There  is  no  artificial  intensity  now  available  and  none  as  high  as  300 
BeV  will  be  available  for  the  order  of  ten  years.  It  has  generally  been  thought 
that  the  cosmic  ray  intensity  available  in  this  region  is  so  low  as  to  make  ex-, 
periments  with  "natural  beams"  quite  unattractive.  We  believe,  because  of  the 
almost  simultaneous  emergence  of  a number  of  seemingly  unrelated  techniques, 
that  cosmic- ray  experiments  of  a meaningful  nature  in  the  range  100-1,000  BeV 
can  be  carried  out  in  the  upper  atmosphere  at  altitudes  around  100,  000  feet. 

11.  Proposal 

The  environment  mentioned  above  is  accessible  by  balloon  and  affords 
iKix  densities  which  are  useful  in  terms  of  present-day  high-energy- experimental 
techniques.  We  propose  to  build  and  fly  a balloon  experiment  capable  of  making 
nioasurement s of  the  momentum  of  the  "natural  beam"  and  preliminary  studies 


7. 
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of  proton- proton  interactions  in  the  energy  range  above  100  BeV. 

In  concept  this  experinnent  is  a return  to  a rich  and  abandoned  lode 
with  the  new  tools  of  the  past  decade.  These  new  developments  offer  a refine- 

t 

ment  in  precision  in  comparison  to  traditional  cosmic-ray  experiments  which 

* 

will  make  possible  more  detailed  studies  in  and  beyond  the  energy  range  now 
planned  for  exploitation  with  accelerators  to  be  built  in  the  next  decade.  In 
this  context  the  experiment  can  reveal  the  gross  features  of  the  high-energy 

physics  of  the  immediate  future  and,  at  the  same  time,  perhaps  provide  helpful 

■< 

guidelines  to  the  design  of  the  machines  being  planned.  In  a broader  context 
the  realization  of  this  experiment  will  form  a basis  of  technique  and  experience 

for  the  further  practicable  exploration  into  regions  of  even  higher  energy. 

* 

The  initial  cost  (see  Appendix  I)  of  the  proposed  program  is  small  in 
comparison  to  that  of  the  currently-known  method  of  artificially  producing  high 

P- 

energy-proton  beams  or,  even,  of  studying  proton- proton  interactions  at  very, 

..  energies  with  storage  rings.  Its  projected  operating  costs,  in  terms 
of  "dollars  per  event  measured",  are  of  the  same  order  as  those  of  present 
practice  at  lower  energies. 


III,  Physical  Description  of  the  Experiment 

Before  discussing  what  kinds  of  experiment  might  be  done  at  high 

V 

m 

altitudes,  let  us  first  examine,  in.  a general  way,  the  proposed  arrangement 
of  the  experiment,  and  then  take  stock  of  what  is  available  in'the  upper  atmos- 

4 

phere  for  an  experiment. 

I 

A.  Experimental  Arrangement 


A system  which  fulfills  the  criteria  of  the  previous  section  is 

I 

i 

shown  schematically  in  Figure  1.  It  may  be  divided  functionally  into  two  parts 

* 

The  "beam"  portion  utilizes  the  Cerenkov  threshold  effect  in  gas  at 
low  pressure  to  detect  the  passage  of  a proton  of  energy  greater  than  100  BeV. 


« 


•I 


This  i*n.*ibloB  one  to  discriminate 


n|.’*iinst  unwanted  particles  al 


I’  lU  ' 


by  using  the  Cerenkov  detector  output  as  a firing  pulse  to  wid*  p .‘.p  ' rk 
chambers  in  the  *'<•  xper imenl"  portion.  The  three  principal  i ' ' 

"experiment"  section  arc 

1.  The  analysis  of  the  momentum  a,nd  direction  of  an  incomip.t; 
proton  obtained  by  recording  its  orbit  in  a transverse  magnetic  field.  The 


analysis  is  done  by  the  use  of  a combined  spark  chambe r/ emul sion  stack  tech- 


nique which  identifies  the  proton  in  time  and  space. 


2.  The  provision  of  a two-meter  liquid  hydrogen  target  for 

p-p  interactions. 

3.  The  display  and  recording  of  the  trajectories  of  the  inter- 
action products  which  result  from  the  traversal  of  the  proton  by  Uhi’.g  a \ 'id.^- 
gaj)  spark  chamber  in  a second,  transverse  magnetic  field. 


After  a flight  the  spark  chamber  photographs  arc  scanned  ani  mea- 
sured. Data  from  the  upper  chambers  give  a rough  estimate  of  tiic  rn orru-nt  im 


of  the  proton.  For  tho'^c  events  wher^  greater  pr-'^rision  .ir 


'l  r 


* \ 


r.  4 n 


cn^ 


sions  may  be  scanned.  From  a knowledge  of  the  proton's  initial  di'*e-  t)on  nr.  \ 


momentum  and  data  from  the  interaction  chamber  films,  the  vertex  r^n  be  re- 


created and  the  interesting  properties  of  tlie  interaction  product. i cc 


* ( 


During  its  flight  the  system  fc.nctions  autonnatically  a:in  n -K.  rts  tl 


relevant  details  of  its  operation  to  a ground  base.  A typical  bji- 


pro 


last  about  2*1  hours.  Tiie  anticipated  duratic  i of  tl 


i -J  jL 


t i t I 


- i 1 ; ■ ' - 1 


experiments  is  from  thrac  to  se  ven  years,  do 


• p r;  n a I 


A, 


' : * r 

. i^.n  V J ^ 


mental  results  live  up  t'*  the  optimistic  fm 


I f 


I,  . 


B.  Nature  cf  the  Primary  it  idiation 


The  particle  "beam"  consists  of  the  nalurai  co  u 


s a 


Uutioon  altitude.  At  altitudes  in  the  vicinity  of  10  0,1)00  l-.iot,  ib< 


' J i ^ t 1 tl  \ S 


J 


- - 


arc  principally  primary  prottnis  t»f  cniT^y  greater  than  10  BcV.  I ha  f h >*  f Ivov 


trigger  system  eliminates  cnergich  1»?sk  than  100  BeV , and  in  the  ev] 


1 r ■ I ; i t 


nt  til 


I ^ i 


arrangement  described  above,  the  flux  of  particles  through  the  systi  i 
iiboul  1 0 min  . 

I 

The  intensity  of  primary  protons  in  the  energy  range  above  100  ]5eV 

is  usually  expressed  in  terms  of  an  "integral  flux",  J„,  where  is  the  num 

‘2 

bo  r of  particles  per  cm  pt^r  storadian  per  second  with  energy  greattjr  li 


\ ] .1  n 


The  flux,  J„,  as  a function  of  E,  is  shown  in  Figure  2.  Over  the  range  of 

hj 

terest  the  flux  is  given  approximately  by, 


, - _ - 1 . 5 - 2 - 1 - I 

J,^-3E  cm  sr  s 

E 


with  E in  BeV.  We  now  introduce  a term  which  is  common  in  the  cosmic -ray 
lilerature:  the  geometrical  factor  is  the  product  of  the  detector  area  and  the 


oifective  solid  angle  of  the  detection  system.  If  we  have  a flux,  J^, 
geometrical  factor,  G,  the  counting  rate,  Rp.  is  given  by, 


t i , 0 


R (E)  = J^-G  events  s 


1 


For  our  experiment  (which  wc  have  not  yet  optimized  for  coui.Urg 


rate)  wc  have  an  effective  detector  area  of  . 4 m and  a solid  angle  of 

2 

(sue  Figure  5).  This  gives  a G factor  of  100  cm  sr  and  a counting  r n 

- 3 

protons  of  energy  greater  than  100  BeV  (J.qq^2.  5 10  ) of, 


I . i'  ' 


lO  i 


R {>  100  BeV)  = 0.  25 
E 


winch  is  about  15  min 


1 


Allowing  for  the  inefficiency  of  the  Cerenk 


and  attenuation  of  the  primary  proton  before  reaching  the  target,  the  j; 


fk  n ‘ 


r u'  H i 


* * 
t 


lux  through  the  hydrogen  target  should  be  about  10  min 


-1 


To  put  tins 


M i ! n i’K*  r 


• "■to  proper  perspective,  we  note  that  the  7 2- inch  Hydrogen  Bubble  Chan'll)*;!'  ai 
hRL,  Berkeley,  pulses  10  times  per  minute  and  that  it  has  operated  usohiUy 


-5* 


lor  long  pi’riods  of  lime  will)  .1  pp roxim at oly  5,  6 K mesons  incident  per  pirtvire. 


yickivng  a particle  flux  of  i5  mm 


- 1 


We  allow  this  flux  to  traverse  the  liquid  hydrogen  target,  chosen  because 

4 

oi  the  resulting  great  s impl  1 fication  m experimental  interpretation.  7'hc  target 

I 

;s  two  meters  long  and  the  probability  of  interaction  is  about  20%.  Wc  therefore 
expect  to  observe  about  two  interactions  per  minute  or  3,000  per  24- hour  flight. 
Beermse  of  the  character  of  the  cosmic- ray  spectrum,  about  600  of  these  inter- 
actions will  involve  protons  of  energy  greater  than  300  BeV , and  about  100  of 

them  will  involve  protons  of  energy  greater  than  1,000  BcV. 

* 

The  mean  free  path  for  high- ene rgy- particle  interactions  in  the  atmos- 


phere is  about  50  gm  cm 


- 2 


so  it  is  imperative  that  the  experiment  be  performed 

- 3 

.it  "balloon  altitudes".  The  density  of  liquid  hydrogen  is  . 07  gm‘  cm  and  our 

- 2 

Uiiget,  therefore,  has  a surface  density  of  14  gm  cm  . At  100,000  feet  alti- 

_ 2 • 

lucie , the  remaining  air  mass  has  a surface  density  of  9 gm  cm  . Cornparing 

- 2 

il'.ese  densities  with  the  atmospheric  interaction  length  of  50  gm  cm  , it  is 


'iou  s 


that  no  useful  purpose  would  be  served  by  going  to  higher  altitudes.  For 


these  reasons,  we  will  consider  that  the  normal  ballon  altitudes  of  85-100,000 
feet  are  adequate  for  the  experiment. 

i. 

r * 

In  addition  to  the  proton  flux,  there  is  also  an  alpha  particle  flux  of 


about  7%  the  intensity  of  the  proton  flux  with  about  the  same  energy  distribution 

(3) 

in  terms  of  energy  per  nucleon.  ' Other  heavier  cosmic-ray  components  are 

■ « 

I 

well  below  1%  of  the  proton  flux.  All  cosmic  rays  heavier  than  protons  should 


be  easily  identified  by  the  large  pulses  they  produce  in  counters. 

* 

In  summary,  then,  the  effective  cosmic- ray  "beam"  can  be  thought  of 

■ 

liiree  beams;  a 1 0-pe r- minute , 100-800  BeV  proton  beam,  and  the  weaker 
■dpha  particle  and  1, 000  BeV  proton  beams.  These  components  of  the  beam  may 

f 

hi:  separated  and  the  momentum  should  be  known  to  10%  or  better  for  most  par- 


■ 

The  nature  of  the  beam  can  be  altered  in  later  flights  by  inserting  into 
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Iter  to  produce  t secon(iary  meson  and  hype  run  bcuims.  Tlie  obvious 


A i 


V to  do  If 


t) 


le  e X pe  i*  urn  lit  uiuiej*  .i  Tcw  interaction  lengths  of  ritmosphe  r< 


- .:.»y  <iL*iiu..d  lb,  000  tei,l.  J'iie  ju  ’.ni  ipal  difficulties  witli  this  idea  are  the  large 
..  vtrv>ii  ba^  kprounci  wh.i  ii  niight  pi  ague;  the  Cerenkov  trigger  device,  and  the 


y<i‘’iib“m  ot  ulentifyjng  liie  se  (,  i itula  r y ijarticles 


C.  Purpo:,*'  (,)!  till-  1‘^xpe  r iiTK-nt  ' 

Studies  of  cosmic- ray  interactions  in  nuclear  emulsion  reveal 
j,i.-vei-al  interesting  propertii’s.  One  striking  effect  is  that  the  average  trans- 
verse momentum  of  sccoiidaries  is  very  close  to  . 3 BcV/c,  independent  of  the 

(4  5) 

irnergy  of  the  incident  primary  particle.  ' ' Another  interesting  fact  is  that 

li'.e  inelasticity  of  the  inti;raction  (energy  lost  by  the  primary  proton)  is  about 


/U 


tit  tlio  lower  energies,  dc; creasing  as  the  energy  increases. 


(6) 


Also,  the 


interaction  length  is  fairly 


cm 


-2 


independent  of  primary  energy  and  is  around  50  gm 


The  secondaries  usua  lly  have  energies  well  below  1 BeV  in  the  center 


rntiss  system 


(4) 


Although  interactions  taken  as  a group  appear  to  be  sym- 


nic trie  with  respect  to  a plane  normal  to  the  incident  particle,  the  individual 

(57) 

interactions  are  sometimes  ejuite  asymmetrical.  ' More  detailed  know- 

* 

ledge  than  tliis  is  very  hard  to  obtain  with  conventional  emulsion  techniques. 
There  are  several  reasons  for  this. 


(7) 


1.  The  analysis  of  events  depends  strongly  on  the  knowledge  of  the 
momentum  of  the  incident  particle  in  order  that  the  transformation  to  the 

i v.;.ter  of  mass  may  be  carried  out  correctly.  With  previously  used  emulsion 
t ‘chmques,  the  energy  of  the  incident  particle  may  be  uncertain  by  as  much 
• lo  u,  factor  of  four.  ^ 

2.  The  method  of  detection  of  the  events  is  highly  biased  in  favor 
v»,*nts  with  higii  multiplicity  of  secondaries  which  produce  showers 
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I .'.lit  SLirvo  a ;>  tlic  ro  of  ;i  ii  intiM-.i » t ion 

3,  Tlu'  target  partulc  is  unknown 


(4) 


« * 


* fc-  w 4 
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xpcrin^onlai  It*  c nnicjuc:  s out  lined  in  tliis  proposal  largely  over* 


come  all  of  these  deficiences.  The  next  closest  present  solution  to  these  dif- 
ficulties ^3  :.'.e  woriv  oi  the  R us  sum  group  at  the  Pamir  cosmic  ray  station  done 

wuii  cloud  chambers  and  total  absorption  proportional  counters  on  a 3900  meter 


mountain. 
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Even  these  experiments  have  about  a 30%  error  for  the  energy  of 


an  incident  particle  and  a rate  of  4 x 1 0 


events  per  minute  with  a LiH  target 


zi  .10  interaction  length. 


e expect  a four  order- of-magnitude  increase  over 


tl'hs  in  our  experiment  using  the  . 25  interaction  length  hydrogen  target. 

The  energy  region  we  propose  to  study  is  of  particular  interest 

I 

Above  1,000  BeV,  the  proc^uction  of  secondary  particles  can  be  described 
phenomenologically  by  the  reaction; 


Ni  ' 


1 I 

N,  + N.,  + F,  + F- 

1 4 12 


where  N.  and  are  the  original  nucleons  and  F, 


and  F.,  are  "fireballs”  or 


1 1 


t 1 

clusters  of  mesons  which  trail  behind  the  final  nucleons,  N,  and  N„  . The 


1 

fireballs  are  considered  to  break  up  isotropically  in  their  center  of  mass. 
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la  this  model,  anisotropic  secondary  emission  can  be  explained  in  terms  of 
one  fireball  being  weak  or  absent.  The  interesting  thing  about  the  energy 
dependence  is  that  below  1,000  BeV,  the  fireballs  appear  to  separate  so 
slowly  that  they  can  interact  with  each  other  or  form  a "dumb- bell"- shaped 
fireball.  Both  the  distinct  fireballs  and  the  fused  fireballs  could  be  studied 
'.v;th  the  proposed  experimental  techniques.  Although  the  fireball  model  is 
pure  phenomenology  . there  are  several  other  theories  on  a more  sound  theo- 
reiical  footing  which,  under  the  proper  assumptions,  are  believed  to  reproduce 


the  general  predictions  of  the  fireball  model. 


(H) 


The  fireball  model  describes 


only  a portion  ol  llu:  o1js(M'V(h1  nvimls,  and  oven  those  wliich  arc  c ha  ractc  r i/.cd 
by  liie  fircljall  hypothesis  sliow  dt' v la  i loii  s . One  such  deviation  is  the  frecpicnt 
appearance  ol  a pion  wliicli  accompanK’s  om.'  of  the  nucleons  after  the  interaction 
Tins  pion  is  ihou^lu  to  he  the  decay  product  of  a nucleon  resonance  produced  in 

i 

the  interaction.  Tlien:  is  clearly  a great  drnal  yet  to  be  learned  about  the  inter- 
action mechanism  for  proton- proton  collisions  in  the  1,000  BeV  energy  region. 

ft 

The  above  paragriiphs  serve  to  suggest  that  the  present  proposal  would 
allow  an  analysis  of  cosmic  ray  events  along  conventional  lines,  but  with  far 

more  precise  information  about  each  interaction,  which  could  be  used  to  test 

* 

f 

the  several  existing  models  for  cosmic  ray  interactions.  In  addition,  there  are 

m 

numerous  other  experiments  proposed  for  super- high  energy  accelerators  that 


would  also  apply  to  balloon  experiments. 
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More  than  likely,  this  would  be 


merely  a starting  point,  and  the  ability  to  examine  events  in  detail  not  pre 


viously  available  in  a relatively  unexplored  energy  range  would  bring  to  light 
new  phenomena  requiring  further  investigation. 


IV.  Experimental  Techniques  and  Design  of  the  Experiment 


The  experiment  we  propose  to  build  is  a complex  undertaking  and  has 

I 

a strong  developmental  aspect,  inasmuch  as  some  of  the  techniques  planned  for 
It  are  novel  and  some  of  its  components  will  have  to  be  carefully  designed  and 
modeled  in  prototype.  In  this  section  we  describe  the  elements  of  the  experi- 

4 

p 

ment  and  examine  the  pertinent  developmental  problems  of  each  from  the  stand- 
point of  physical  and  engineering  plausibility.  The  design  we  present  is  by  no 
means  a final  one,  but  shows  that  it  is  possible  to  meet  the  experimental 

i 

riteria  within  the  weight  and  e vni ronmental  constraints.  Although  it  will  be 
oi-oessary  and  desirable  to  make  use  of  computer  solutions  in  the  final  design, 

'-•l;  believe  that  such  a study  will  present  no  essentially  new  results  to  the  analysis 


pie  rented  here. 


ADVISORY  PANEL  ON  THE  SCIENTIFIC  USE  OF  BALLOONS 


MEETING  --  15  NOVEMBER  1965 


SCHEDULE 


Monday « 15  November  1965 

8:30  AM  Convene  in  Sommer s-Bausch  Room  of 

the  High  Altitude  Observatory. 


11:30  AM 


Break  for  Lunch 


1:00  PM 


Reconvene  in  Sommers -Bausch  Room 
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A.  I'lio  Gc  ri'nkov  "^rrippcrr 

Ono  h.isir  prol^lnm  witli  cosmic  ray  l>.illoon  i.‘xpc r imcnls  is  the 
large  flux  of  low  c)u:rgy  (10  to  1 00  BeV)  protons  that  arc  of  little  interest  and 
roust  bo  rcjoo'icd.  Wo  propose  to  make  use  of  the  Cerenkov  light  of  a proton 
passing  tlirough  gas  in  order  to  discriminate  against  the  low  energy  proton 
background.  For  the  balloon  altitudes  at  which  our  experiments  would  be  exe- 

•ta 

cuted,  the  Cerenkov  light  from  the  atmosphere  has  a threshold  at  a proton 
energy  of  about  300  BeV.  Although  this  atmospheric  Cerenkov  light  could 

(131 

probably  be  used  as  a trigger  for  protons  in  excess  of  300  BeV,  ' there  are 
several  advantages  to  using  a gas  other  than  air.  By  using  a gas  of  relatively 
high  index  compared  to  air  (for  example,  butane  or  carbon  tetrachloride),  the 
Cerenkov  threshold  energy  can  be  reduced  to  about  100  BeV  for  protons.  There 
are  two  big  advantages  to  using  the  lower  100  BeV  threshold.  First,  there  is  a 
far  larger  flux  of  particles  at  the  lower  proton  energies,  and  the  proton  inter- 
actions are  still  of  interest  in  this  energy  range.  Second,  the  increased  index 
of  refraction  results  in  about  a five-fold  increase  in  the  photon  yield  of  the 
particle. 

The  increased  photon  yield  makes  practical  a fully  enclosed  Cerenkov 
counter  of  reasonable  dimensions.  Protons  having  an  energy  appreciably  above 
tile  100  BeV  threshold  (say  200  BeV)  will  yield  a sufficient  quantity  of  photons 
in  passing  through  10  meters  of  gas  to  produce  about  6 photo-electrons  at  the 
cathode  of  a photomultiplier,  which  is  sufficient  for  reliable  triggering.  (If 
the  Cerenkov  threshold  is  100  BeV,  then  the  trigger  efficiency  actually  rises 

I 

to  75%  of  its  maximum  efficiency  at  150  BeV.  The  index  of  the  gas  can  be  in- 

fe 

creased  to  give  an  effective  1 00  BeV  cutoff,  together  with  a slight  increase  in 
the  photon  yield  over  that  used  in  these  calculations.  ) The  figure  of  6 photo- 
' loctrons  is  achieved  through  the  use  of  a light  collector  consisting  of  alumi- 
ni/.cd  mirrors,  and  a photomultiplier  with  a fused  silica  face  (in  order  to  make 
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ivill  use  ot  the 
t lii'i’ s hoUi , the 


ullraviolol-  rvcli  Cerenkov  light)  (See  Figure  1).  For  a 100  BeV 
maximum  lialf  angh.’  for  tlic  cone  of  Cerenkov  light  is  10  milli- 


r-ia.ans;  wliich  is  small  rompared  to  tlic  angle  of  acceptance  required  for  the 


colons.  Tile  re  fore  in  I lie  tie  sign  of  I lie  light  collection  optics,  it  is  possible 
■u  treat  llie  Cerenkov  light  as  tliough  it  has  approximately  the  same  direction 
the  proton.  The  lirst  mirror  siirvcs  to  image  the  exit  aperture  of  the  ex- 
perimental train  onto  collimating  stops,  so  the  Cerenkov  light  is  only  collected 
from  protons  which  would  pass  through  the  entire  apparatus.  The  required 


mirror  surface  is  a 


crbola  of  revolution.  The  second  mirror  (an  ellipsoid 


of  revolution)  serves  to  further  concentrate  the  light  onto  photomultipliers 


located  at  an  even  smaller  image  of  the  exit  aperture.  The  demagnification 
of  the  exit  aperture  at  the  photomultiplier  is  about  7 to  1 , so  that  a 4 inch 
diameter  photomultiplier  would  detect  protons  traveling  toward  a 28  inch  dia- 
meter aperture  at  the  exit  aperture. 

The  principal  source  of  background  for  a Cerenkov  trigger  is  electrons. 
Electrons  of  50  MeV  energy  or  greater  can  trigger  the  system.  The  electrons 
can  be  discriminated  against  by  placing  a radiation  length  of  lead  in  front  of  a 

I 

scintillation  counter  and  detecting  the  shower  produced  by  an  electron.  However 
this  technique  is  only  effective  for  electrons  with  energies  in  excess  of  about 
500  MeV.  The  lower  energy  electrons  can  be  eliminated  by  deflecting  them  out 
cl  tlie  ’’beam"  in  a magnetic  field  such  as  the  one  that  is  proposed  for  mementum 
analysis  of  the  protons,  Cosrnic  rays  below  about  10  BeV  would  be  deflected  by 
the  earth's  magnetic  field,  so  the  electron  background  would  consist  of  electrons 
produced  by  proton  interactions  in  the  atmosphere  above  the  balloon. 


To  further  reduce  accidentals,  the  Cerenkov  trigger  would  be  used  in 
coincidence  with  scintillation  counters  just  below  the  Cerenkov  light  collector 
and  just  above  the  hydrogen  target.  The  counter  in  front  of  the  target  could  also 


4 


4 
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I 


be  used  lu  discriminate  against  part;  b;s  whic’ri  interact  in  the  appar.atus  above 

•I 

■ 

the  target,  by  detecting  a scintillation  pulse  in  excess  of  that  for  a single  re- 
lativistic particle.  The  electronu  b trie  Cerenkov  counter  photomultiplier 

bi.ouid  be  fairly  fast  (about  10  nanosoi'ond  time  resolution)  up  to  the  pulse  height 
discriminator,  which  should  be  set  for  two  or  tlirce  photoclcctron  pulses.  There 
IS  one  5-inch  tube  (RCA- C7 0 1 1 .1 ) that  lias  extended  response  in  the  ultraviolet 
and  good  time  resolution  wliich  might  do,  but  quartz- faced  2 inch  tubes  are 
available  with  liighcr  sensitivity  in  the  far  ultraviolet,  and  several  such  tubes 

4 

connected  in  parallel  would  be  suitable  for  use,  at  least  until  a ‘special  tube 
could  be  fabricated.  A quartz  faced  tube  may  not  be  necessary  if  a "wavelength 


shifter"  is  used  to  convert  the  ultraviolet  light  into  visible  light 


(14) 


The  irriportant  practical  details  that  remain  to  be  inyestigated  are  the 

4 

properties  of  the  gas  which  produces  the  Cerenkov  light  and  the  construction  of 

inc  light-tight  Cerenkov  gas  container.  The  gas  must  be  tested  to  determine 

■ 

4 

that  light  produced  by  protons  through  ionization  and  recombination  is  suffi- 
ciently small  to  neglect.  Naturally,  precautions  should  be  taken  to.  blacken 
everything  possible  in  the  light  collijctor  in  order  to  absorb  such  isotropically 


emitted  light.  The  gas  must  also  bo  clieckcd  for  transparency  in  the  ultra- 
violet region.  The  transmission  for  carbon  tetrachloi  idc  has  been  reported 
:n  the  literature  and  is  satisfactory,  but  the  transmission,  and  even  the  exact 

4 

index  of  refraction  of  butane  gas  must  be  established.  The  Cerenkov  gas  en- 


closure can  be  a light  structure  because  the  Cerenkov  gas  is  used  at  approxi- 
iTiately  local  atmospheric  pressure.  Samples  of  mylar- aluminum  balloon 
material  have  been  looked  at  and  are  probably  adequate  for  the  walls  of  the 
enclosure.  The  Cerei-l  ov  gas  pressure  might  be  used  to  support  the  enclosure 
in  the  form  of  a balloon.  An  alternate  light  tight  enclosure  could  be  fabricated 
in  the  form  of  a bellows- like  bag  of  opaque  material.  The  support  cables  which 
attach  the  experimental  apparatus  to  the  balloon  would  also  serve  to  shape  and 


'>'.-1  tijc  (H  Ui'v. 


'1  in.  ovi  rall  wuight  of  the  Cerenkov  tri^^fir 


iu.>i  t.  xt  «.‘i:d 


}i  ■ li  1 i < E 


B.  Spark  Cnartih*'!  - l'.!aalsH)n  Technifjuos 

In  tile  enr  r^y  ranpe  of  100  to  1000  BeV,  multiple  Coulomb 
scattering  is  gr<?atly  mitiri  d -vver  tliat  normally  dealt  with  in  ac.celerator 
i: ;:po  r unent s.  In  order  tr*  t il<-'  adv.mtagc  of  the  potential  increase  in.  pre- 
tension of  angular  mca  su rei ne n1  , new  techniques  must  he  developed  that  are 
capable  of  measuring  angles  uf  tlie  order  of  a few  microradians.  We  propose 
that  a likely  method  lor  a t ( i cm jd i shing  these  measurements  is  through  a union 


■ 

of  spark  chamber  and  emulsion  teciiniques. 
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The  orbit  of  a particle  can  be 


% 

rougaly  established  (to  <i  ir.ietion  t*f  a millimeter)  by  photographing  several 
spark  chanibers  along  lie  oi  hit.  The  precise  orbit  may  be  then  established 

I 

by  looking  in  emulsion.s  loc  at*  (i  along  tiie  particle  orbit  for  tracks  having  the 
position  and  orientation  pn  -iii  ted  by  the  spark  chamber  photographs.  Flights 
of  about  24  hours  would  l>v  ju'at  tical  with  emulsions.  Longer  flights  would 
result  in  increased  difin  idity  of  analysis  due  to  a large  number  of  background 
tracks  in  the  emulsion.  i iu  spark  chanaber  serves  to  provide  time  resolution 
and  reduces  emulsion  scanning  to  a simple  operation,  while  the  emulsions  pro- 
vide  micron  accurac  y m m<  a r aring  the  particle  orbit.  Figure  3 illustrates 
a possible  cornljination  of  r>park  c.  ham  her  s and  emulsions. 

The  case  v-atii  wlat  tl.c  desired  track  may  be  identified  from  the  spark 
c hamber  information  dvqn  ’ < i : , r, t;  tl,ct  number  of  background  tracks.  The  total 


primary  proton  fiua  is  ti  ;.t 


/ * 4 


m -sec.  -sr,  or  about  1700/cm  -sr  in  a 24 


hour  fligiit.  Soc>)nfiur 


. • . .s 


1 r I o :~i 


iiilf  ractions  in  the  upper  atmosphere  and  in  the 


apparatus  will  doubb;  (o  ; i api.  inih  figure.  Take  as  a working  figure  about 


4 0 0 0 / c m - s r in  24  1 1 «.* i i 


l i iiu  j>osilion  is  known  to  . 5 mm  and  the  angle  in 


U 


ic  e 


in u 1 s i on  is  know n i • i 


i < 1 < r ' i t ■ f ' 


or  better  (distortion  of  the  emulsion  in  pro- 


■'cssing  limits  the  annuli. 


1 1 .sr-jation),  then  the  background  (B)  expected  for  a 
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i lii ^nt  in  !liis  rnll  ol  j>lia.s<‘  sjiru  c is 


J j = ( 1 1 u ^. ) (area)  (solid  angle) 
= (.5000)  (-2^)^  (^)2 
- . 1 Ij.u  kground  tracks 


1..,..  e;>Um.iU;  u~,  an  u[>pn  1*  liniit  lu  tlu!  liackground.  There  arc  several  ways  to 

rac.une  I’na  li.ic  ktM'ound  prolilem.  One  way  is  to  include  an  additional  fourth 

^n..il;.,un  pltili'  alter  tlie  set  of  ^ emulsions  that  would  normally  be  used.  Any 

..nn a. -^uou .J  tracks  lound  in  the  first  tVirec  plates  would  predict  a position  in  the 

lourth  plate  to  n'licron  accuracy,  ^ind  a coincidental  track  in  the  fourth  plate 

would  be  orders  of  magnitude  less  likely  than  in  the  previous  plates.  The 

1 

b 

fourth  plate  need  only  be  examined  in  case  there  is  an  ambiguity  in  one  of  the 
lirst  three  plates.  Another  trick  v/hiclt  could  be  employed  would  be  to  use 
doable  emulsion  plates  arranged  to  slide  against  each  other  under  the  control 
of  a clock  drive.  Since  the  time  of  the  interaction  is  precisely  known  from 

4 

■I 

the  trigger  pulse,  it  is  possible  to  position  the  plates  as  they  were  at  the 

* 

instant  the  particle  passed  througii,  and  detect  the  correct  particle  by  seeking 
the  track  which  is  unbroken  at  tiie  interface  of  the  emulsion  in  the  region  of 
the  emulsion  predicted  by  the  spark  chan^Vjcrs.  Another  obvious  way  to  re- 
duce tlie  background  is  to  refine  the  positional  prediction  in  the  emulsion  and 
to  improve  the  angular  resolution  in  the  emulsion  in  order  to  reduce  the  size 
of  B.  In  this  regard,  recent  reports  of  wire  spark  chamber  performance  are 
<j ncovi r ag ing . Wire  spark  chambers  avoid  the  problems  of  optical  recording 
tLicimiques  and  their  many  sources  of  distortion.  The  angular  resolution  might 
he  improved  by  the  use  of  umulsions  which  are  thinner  than  the  standard  . 6 mm 

4 

m 

nuclear  emulsion  (say  . 3 mm)  and  by  the  use  of  glass  plates  with  emulsion  on 

m 

both  sides  of  the  plate.  Thu  latter  approach  of  using  two  sided  emulsion  plates 

4 

is  a very  attractive  arrangement  because  the  angle  is  then  known  to  a small 

4 

fraction  of  a degree  by  examining  the  position  of  the  particle  before  and  after 


4 
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. ..oar  ti*. in  tr. i.s  ti’ll  tit  jjh.ist  .spate  is 


i'..  = (liaa)  (area)  (solid  angle) 


( 


= . \ Z l).i  ( kg  ro\md  tracks 

j..is  ib  <in  ui>pir  Inn  it  to  tin:  b.ic  kg  round,  Tlicro  are  sevt’ral  ways  to 


roaiua:  t no 


back!',  round  prt)blem.  One  way  is  to  include  an  additional  fourth 


.tv..n.  loi.  jiiate  alter  tlu-  set  t>f  :>  emulsions  that  would  normally  be  used.  Any 

liU a,  ;ui >u tracks  lound  in  llie  lirsl  tiiree  plates  would  predict  a position  in  the 

nairta  jjlaii;  t<j  nacron  itc curacy,  and  a coincidental  track  in  the  "fourth  plate 

would  bo  orders  of  magnitucU.*  less  likely  than  in  the  previous  plates.  The 

1 

lourth  plate  need  only  bo  cxamini'd  in  case  there  is  an  ambiguity  in  one  of  the 
lirst  tlirce  plates.  Another  tru  k whicli  could  be  employed  would  be  to  use 
double  emulsion  plates  arranged  to  slide  against  each  other  under  the  control 
of  a clock  drive.  Since  the  time  of  tlie  interaction  is  precisely  known  from 

i 

1 

the  trigger  pulse,  it  is  possible  to  position  the  plates  as  they  were  at  the 

t 

instant  the  particle  passed  tlirougli,  and  detect  the  correct  particle  by  seeking 
t'ne  track  v^'hich  is  unbroken  at  ti»e  inti'rfacc  of  tiie  emulsion  in  the  region  of 
tiie  emulsion  predicted  by  the  spark  chambers.  Another  obvious  way  to  re- 
duce the  background  is  to  refine  the  positional  prediction  in  the  emulsion  and 
io  .mprovc  the  angular  resolution  in  the  emulsion  in  order  to  reduce  the  size 
of  B.  In  this  regard,  recent  reports  of  wire  spark  chamber  performance  are 

I 

encouraging.  Wire  spark  chambers  avoid  the  problems  of  optical  recording 
U;ciiniques  and  their  many  sources  of  distortion.  The  angular  resolution  might 


lO 


c improved  by  tJie  use  of  emulsions  which  are  thinner  than  the  standard  . 6 mm 


nuclear  emulsion  (say  . 3 mm)  and  by  the  use  of  glass  plates  with  emulsion  on 

ft 

both  sides  of  the  plate.  The  latter  appi’oach  of  using  two  sided  emulsion  plates 
a very  attractive  arrangement  because  the  angle  is  then  known  to  a small 


* 

ii'action  of  a degree 


examining  tlie  position  of  the  particle  before  and  after 
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I n r ^ mj;  I 


'AMtii  OHsentirilly 


no  corrcctionR  iicc'cssary  since 


irf  ra  1 a l ivi' i y dislurtion  free. 
Ab  tin  extim  pic  of  1 1 1 c mo rn c n t v,i 


4 


re. solution  attainable  by  emulsion 


nica  SUV  erne  nl  s , consider  the  a r ranf’cment  of  Figure  3 for  tlie  ease  of  standard 


nuclear  emulsions  (0.  6 mni  thick)  supported  on  glass  plates. 3 mm  thick.  The 

■ 

error  in  determination  of  I lie  momentum  can  be  attributed  to  the  uncertainty 

« 

of  the  sagitta  measurement.  One  source  of  sagitta  error  is  the  measurement 

4 

of  the  track  coordinate,  which  can  be  done  to  one  or  two  microns.  Another 


source  of  error  is  the  mechanical  staljility  of  the  position  of  the  emulsions 
with  respect  to  each  other,  and  this  is  proliably  also  of  the  order  of  a few 

w 

4 

microns.  The  remaining  sou  ice  of  error  is  scattering  in  the  central  emul- 

2 

bion  plate.  The  plate  has  a nuclear  interaction  length  of  only  about  1 g/cm  , 
so  that  nuclear  interactions  will  be  rare  (2%)»  and  undetectable  interactions 
will  i>e  much  rarer  still.  For  these  reasons,  only  the  Coulomb  multiple 
scattering  will  be  considered.  There  is  a "tail’*  of  large  angle  single  scatters 


for  the  case  of  Coulomb  sea  tiering,  but  for  the  most  part,  tlie  rms  sagitta 
error  (in  cm.  ) will  be  given  by 


= 


3.  1 Jt 


v/hcre  p = particle  momentum  in  MeV/c.  and 


X - emulsion  separation  in  cm. 


'I  ue  expected  sagitta  (in  cm.  ) is 

Z Z 

p 

5 - — 4* — ( 3H)  where  H is  the  magnetic  field 
P 

(uniform,  in  kilogauss) 

It  IS  interesting  to  note  lhal  if  the  only  source  of  error  were  Coulomb  scat- 
tering, then  the  fractional  momentum  error  would  be  independent  of  momentum, 
as  given  by  the  formula 


P 


5 


4 
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This  result  is  valid  up  lo  uutmenLa  at  which  the  sagitta  measurement  error 
comparable  to  the  false  saj'illa  from  Coulomb  scattering,  so  it  would  he 
reasonable  to  choose  to  give  approximately  equal  measurement  and  Coulomb 


i‘roi*s  at  tile  liigliei*  useful  nvomunt.i.  A:,  an  example,  for 


I- 


5 0 cm , and 


p - 10  MeV , As  = 1.5  microns.  T. iking  llii;  conibined  sagitta  error  to  be 
about  3.  5 microns,  and  assuming  a magnetic  field  of  3 kilogauss,  the  momen- 
•,v;m  is  determined  lo  better  than  8%  for  all  protons  having  a momentum  less 
tiiaii  1000  BeV  / c . 


C.  Wide- Gap  Spark  Chambers 

Tlie  wide -gap  spark  chamber,  or  "discharge  chamber",  re- 

(5) 

cently  developed  by  Alikhaman  and  his  collaborators,'  ' triggered  by  a pulse 
from  the  Cerenkov  trigger,  completes  the  experimental  train  in  the  balloon 
load.  This  type  of  spark  chamber  appears  to  be  able  to  provide  spatial  reso- 


lution comparable  to  tliat  of  a hydrogen  bubble  chamber. 

/ 1 61 

Spark  chambers  of  this  type  have  been  built  by  Strauch'  ' at  Harvard, 

•ft 

and  their  performance  is  excellent  in  all  respects.  His  chambers  have  the 
form  shown  in  Figure  4,  They  are  sensitive  for  5 p sec  and  require  no 

P 

clearing  field.  The  pulser  is  a Marx  generator  using  15  standard  "color 
television"  capacitors  charged  in  parallel  to  30  kV  and  discharged,  by  spark 

V 

gaps  in  series,  at  450  kV.  The  light  intensity  is  high  enough  for  photography 
Lit  t/45,  so  a good  depth  of  focus  can  be  obtained.  Strauch^^^^  advises  taking 
t .V  > photographs,  one  at  f/45  and  another  at  f/12,  on  the  chance  that  fainter 
tracks  may  also  be  present.  He  shows  pictures  with  about  20  tracks  of  good 
c.uality  in  the  chamber  simultaneously.  Tracks  can  branch,  as  shown  in  the 
iefi-iiand  side  of  Figure  4.  He  ctimpared  the  measured  momentum  of  cosmic- 
ray  particles  in  the  upper  aiid  lower  halves  of  a 3 2- inch  high- double  chamber 
and  found  the  RMS  deviation  at  1 BcV/c  to  be  about  1, 4%  in  a 1 5- kG  magnetic 


lie  hi.  Inu;  i .s  (juilc  comp.i  i.i  lili'  t>»  modern  ljul>l>lc  cliambcr  standards. 

We  plan  to  Use  tlu’iic  rli.imlu’rs  for  chj testing  secondaries  of  the  inter- 
. rimio  . Strauch^  reports  ti't.il  tracks  can  be  seen  up  to‘ 40^  from  the  electric 

I 

Held  direction.  Assuming  p = 1 for  sect^nfla  ric  s in  the  ccntcr-of-mass  system 


tiic  r.'iediau  angle,  0 , for  secondaries  is  given  by 

ni 


(4) 


0 


m 


VZm 

P 


E 


P 


wlicre  the  subscript  "p"  refers  to  primary  proton.  For  200  BeV  protons,  0 


m 


o 


IS  about  6 , and  the  detectors  should  liavc  good  geometry  for  most  secondaries 

1 

♦ 

from  an  interaction  in  the  hydrogen  target.  (Actually,  the  motion  imparted  to 

-I- 

mesons  which  leave  a fireball  that  travels  backward  in  the  center  of  mass  is 
tucli  that  occasional  particles  come  off  at  angles  of  50^  or  more  in  the  labora- 
tory system.  This  is  a reason  for  considering  thinner  targets  such  as  a Li  H 
target.  (See  Appendix  II)  . . 

Evidently  there  is  a good  deal  of  development  work  being  done  on 
ti.esc  ciiambers  and  our  major  effort  will  be  one  of  adaptation  to  the  problem 


.Cl  i.and.  One  interesting  developmental  experiment  will  be  seeing  if  the  cham- 


o 


]}■■■  c b will  operate  at  230  K,  the  temperature  of  the  stratospheric  environment 


r,  .nuoe  i,  if  they  will  operate  at  cryogenic  temperatures  as  a step  in  simpli- 


* I Ta  i i’lC 


<lcsign  of  that  portion  of  the  experiment. 


y jl  i. 


1).  Superconducting  Magnets 

* 

Magnetic  fields  are  used  in  this  experiment  to  provide  a means 
i.  aly/.ing  the  mornentum  of  the  incident  proton  and  of  interaction  products 


t 

L 1 


un  tiie  target 


; cause  of  power  and  wei 


constraints,  these  magnets 


tie 


b V tp> 


Tt  1 1*^ 


Since  1961,  when  Kunsilcr  and  his  collaborators 


(17) 


Stimulated  great 


interest  in  superconducting  magnets  by  developing  wire  cored  with  a high- field 


i 


.'■u’jii' r V.' o lulvuM  o r , m.i.vy  um’IuI  * oil;,  Ix’rn  wound.  Tlnu.f*  i/ mx  ;<  r.^:  t •, 


»>pv;raU!  Ixi s .sKi ;; biy  , utili.'.ni}'  tin'  . ftVt  t Ili.il,  ut  ,‘^.uf fi<' it'nlly  low  tcmpi^ raturos 

<1 

l)x;K^w  a Lritu'.il  v.jlur  ol  ipiduMl  fluid,  hiph-ficld  supo  rronduclors 

j 

i.avu  va  I'll  bill  ni.;ly  small  dr  re  s i st.uu'c  and  .supjjfu't  hi^li  critical  currc.iU  clcjnsitics 

5 

{.^10  A x:m  '}.  Thou|;h  llu‘  a[»pl icat i<»n  of  this  effect  hac;  been  far  less  direct 
lhan  tills  bimpli.1  slatemenl  would  im[ily,  the  physics  of  high- field  superconductors 
IS  now  essentially  uncle  r stoorl , at  least  in  phenomenological  terms,  and  there  arc 
m fact  six  firms  engaged  in  tin;  commercial  production  of  small  research  mag- 

m 

nets  up  to  80  kG. 

An  early  altornpt  to  account  for  the  discouraging  critical  current  degra- 


dation observed  in  superconducting  magnets  was  made  by  Montgomery 


(18) 


and 


by  Chandrasekhar  and  Hulm 


(19) 


who  introduced  the  idea  that  the  degradation 


was  dependent  on  the  size  of  tlie  magnet.  This  idea  reached  the  status  of  a 


theoretical  model  by  Smith  and  Rorschach 


(20) 


, but  has  been  discredited  in 


experiments  of  Coffee  and  Gauster 


(20) 


and,  indeed,  by  the  general  experience 


of  workers  in  the  field.  The  most  outstanding  testimony  to  its  inapplicability 


IS 


(21) 

provided  by  Koii'  , at  L.ockhced/ Palo  Alto,  who  has  wound  large-diameter 


hoop  coils  as  part  of  an  Air  Force  sponsored  feasibility  study  to  provide  elec- 
tron shielding  lor  the  Agcna  vehicle.  His  largest  coil  is  six  feet  in  diameter, 
has  33  lb.  of  10  mil  3NbZr  windings,  and  performs  comparably  with  small 


coils  (field  at  origin,  B 


current,  l„  = 18.  5 A). 


0 


= 800  G,  field  at  windings,  B =20  kG,  critical 

s 


Large  values  of  integrated  field  are  required  to  resolve  the  range  of 
momenta  under  study  in  this  experiment.  Inasmuch  as  the  necessary  counting 
rates  dictate  the  use  of  a large  aperture,  the  field  strengths  needed  are  low.. 
Superconducting  magnets  producing  relatively  uniform  fields  are  planned. 
There  are  four  reasons  for  this  design: 

(1)  An  important  benefit  of  field  uniformity  in  a large -gap  rnagnet  is 


AGENDA 


4 


1 B - 


the  weij^lit  rcductioii  thiit  result  li  from  Urn  lowering  of  the  field  at  the  windings 
and  lltc  subsequent  relaxation  of  tlie  niotor  forces  on  the  windings.  If  we  con- 
sider two  simple  examples  of  rna'gnel  jjrcKlueing  the  same  field,  Bq,  at  the 
origin,  a current  loop  «Lnd  a un i fo rm- fudd  splierc,  then  the  conductor  mass 
required  for  the  sphere  is  1,18  tli.it  for  llic  loop,  but  the  mass  needed  to  con- 
strain the  windings  is  reduced  by  a factor  of  B^/B  , where  B is  the  field  at 

■ Os  s 

the  surface  of  the  windings  of  the  loop.  In  the  coils  under  consideration  this 
involves  combined  conductor  and  constraint  weight  reductions  of  about  45%. 

(2)  A second,  ec]ually  important  consequence  of  lowering  the  winding 
field  is  that  one  operatcs’the  superconductor  well  below  the  so-called  high- 

I 

■ 

field  region  where  its  useful  application  is  just  emerging.  Therefore,  we 
Iiave  the  comfort  of  not  having  to  hinge  the  success  of  the  experiment  on  the 
development  of  100  kG  techniques. 

(3)  The  use  of  uniform  fields  tends  to  minimize  the  effect  of  rela- 
tive displacement  of  components  in  the  system  and  reduces  errors. 

(4)  The  uniformity  also  reduces  the  computation  and  errors  in  the 

data  reduction  by  increasing  the  order  of  the  corrections  which  must  be 

applied.  In  operation,  the  two  magnets  will  first  be  precooled  with  liquid 

nitrogen  and  then,  if  practicable,  with  liquid  hydrogen  (the  enthalpy  to  be 

Z 

removed  is  10  MJ  ).  L»iquid  helium  will  then  be  introduced  and,  when  cold, 
the  magnets  will  be  energized.  Before  the  flight  begins  they  will  be  shorted 
with  a thermally-activated,  superconducting  or  "persistent”  switch.  It  will 
probably  be  necessary  to  de-energize  the  magnets  before  thd  vehicle  returns 

4 

to  earth  and,  in  any  case,  one  will  have  to  provide  a means  for  protecting  the 

* 

magnets  and  equipment  affected  by  their  fields  in  the  event  superconductivity 
lb  destroyed  and  a magnet  "quenches".  Before  discussing  the  dissipation  of 

4 

* 

the  stored  field  energy  of  a large,  superconducting  magnet,  let  us  get  a feeling 


4 


- IS- 


, V . 1 .j  ];ii  I u s *1  i ; 4 y jn  In::;  .v  jipl  i ca  I ion . Althouj^li  t lie  magnets  ultimately 'de  - 


* * f I ' , 

i-J  J ^ I * K.4, 


;or  tills  o;<]ie rimenl  need  only  take  some  appro>:imatc  form  of  the 


general  ellipsoid  and  may  have  hcccss  holes  at  the  poles  for  photography 
and,  possibly , beam  windows  on  the  equator,  v/c  will  consider  a simple 
e:;amplc  of  a largc-gap,  uniform  - field  coil. 

i 

The  1.  5 m-diametcr,  15  kG  field  required  for  the  1 m- square 

■ 

wide-gap  spark  chamber  is  produced  liy  a spherical  magnet  wound  with 

■ • 

10  mil-diameter  3NbZr  wire  supporting  a winding  current  density, 


* I 

4-2 

of  2 1 0 A cm  . The  gap  field  (in  practical  cgs  units)  is  given  by, 


B 


0 


SttJ 

w 0 
30 


oriented  along  the  polar  axis,  0 = 0,  and  the  coil  has  a radial  winding 
thickness  of 


t = t sin  0 
o 


The  mass  of  this  shell  is  given  by 


M = 


1 5tt  B a p 
o o ^ 


4 J 


W 


Whereas  a is  the  mean  radius  and  pis  the  density  of  the  windings.  In 
the  example  under  consideration,  the  coil  mass  is  690  lb.  of  which  440  lb. 
is  superconductor,  the  balance  being  divided  between  copper- cladding  on 
the  wire  (140  lb)  to  help  protect  it  and  stabilize  its  operation  against  ''flux 

jumping",  and  high  thermal  conductivity  epoxy  and  glass  filament  to  bond 

■ 

A 

the  structure. 

The  stress  analysis  of  the  spherical  magnet  is  complicated  by  the 
finite  thickness  and  strongly  anisotropic  character  of  the  wire-filament- 
• >oxy  composite.  Fortunately,  the  maximum  stresses  which  arise  are 
comparable  to  those  found  in  current  experience  and  well  within  the  limits 


ol  ihc  ate  rials. 


r*  I 


- i!0- 


lio  motor  iorcc.s  tin  liio  condni'tor,  averaged  over  the 

shell  thickness,  arc  radial  outward  and  tangentially  directed  toward  the 

1 

/ 

equator.  We  resolve  these  into  components  normal  and  parallel  to  the 
polar  axis  and  assume  that  normal  component  is  locally  supported  by  the 
conductor.  TJie  resulting  hoop  stress,  g,  is  given  by 


s = 


3Ztt 


B^a^  / • 2 . . 2 , -Z 

— P — O-  (sin  0 + 4 cos  0)  dyne -cm 


4 - Z 

This  stress  has  a maximum  value  of  Z.  8 x 10  lb  wt  in  at  the  poles 
(where  the  conductor  area  tends  to  zero).  This  is  about  13%  of  the  yield 

t 

strength  of  the  wire. 

The  parallel  component  is  supported  by  the  shell  and  results  in 
a maximum  attraction  between  the  hemispheres  at  the  equator  of 


2 

-9/8 


dyne 


3 . - 2 

which  gives  a compressive  stress  of  4 x 1 0 lb  wt  in 


This  is  about  1/5 


of  the  low  temperature  compressive  strength  of  glass  filament  epoxy.  As 

a result  of  this  loading  there  will  be  additional  hoop  stresses,  tensional  at 

the  equator  and  compre s sional  at  the  poles,  having  magnitudes  of  a few 

- Z 

thousand  lb  wt  in 

On  the  inside  face  of  the  windings  the  local  hoop  stress  in  the  wire 

4 - 2 

rises  to  2.  8 x 10  lb  wt  in  and  gives  local  sheer  stresses  as  high  as 

^ - Z 

1.  6 X 1 0 lb  wt  in  . This  is  comparable  to  the  sheer  strength  of  the  epoxy 


and  may  require  selected  orientation  of  the  glass  filament.  We  plan  to  exa- 
mine the  problem  of  forces  in  detail,  paying  particular  attention  to  local 
stability  and  to  the  dynamic  aspects,  as  it  is  very  important  that  the  super- 

i 

conductor  be  immobile  with  respect  to  the  field.  In  keeping  with  current 
practice,  ignoring  accessibility  requirements,  let  us  gain  additional  rigidity 


-Z1  • 


A k I J i I 


t by  v'indir.):  A with  2 11)  wl  wire  tension  on  t!ic  liurfacc  o£  a 


i-l.;  nv.i  i*  Li  laiccl  pressure  vessel  llvick  enouj^li  to  provide  olaotic  stability 

* 

sy,.. ... st  t;u>  eoUapsinp  pressure  of  ilic  v/inclings,  7' his  spherical  shell  is 

■ 

. .2  X .T',  lliick  and  \voij:i;hs  P.'jO  priunds  biiiipiii;;  the  coil  weir^ht  to  920  pounds. 

Ti'iO  stored  ener^^y  in  th('  fifjld  rated  by  this  magnet  is  3.  S MJ, 

. . , 4 

Ii  the  w.rij  earrios  20  A,  i.iuui  llie  itkduct^*nce  is  1.8  x iO*  H.  This  offers 

I'.G  problem  so  far  ar>  energising  is  concerned;  a 200  V,  4 ksV  supply  can 

di)  it  in  x'Lbout  half  .iri  h‘.)ur.  If  the  n'.agnct  is  dc- cncrgir<ed  or,  in  the  worst 

ee.se,  riucnchcs,  the  situation  is  I'lot  so  pleasant,  as  one  must  avoid  locally 

anneaiii'jg  the  wire  or  bringing  llie  field  dowm  so  fast  so  as  to  distort  the 


ce-ils  or  adjacent  apparatu.i. 

The  way  to  obvdate  the  problem  of  r^uemching  is  to  spread  the  dis- 
turbance as  rapidly  c».s  possible  thermally  ard,  in  the  case  of  a large  magnet, 

let  the  field  collapse  at  a .safe  rate.  The  former  can  be  accomplished  by 

» 

providing  high  local  thermal  conductivity  to  i sink  of  higli  specific  heat  and 

by  breaking  the  coil  electr ically  intc  many  diorled  sections  so  as  to  promote 

* 

the  quenching  generally  by  mutuc.l  coupling.  The  field  can  be  made  to  decay 
slowly  by  providing  a very  well  couple d secondary  of  low  resistance  and  a 
short  primary  time  constant  sc»  as  to  decouple  it  from  the  energy.  Fortunately, 
this  is  easy  to  do  in  a large  coil  becausu  the  fraction  of  total  volume  taken  up 
by  windings  is  small. 

The  time  constant,  t , of  a .sp her. cal  shell  of  resistivity,  y,  with 

o 

a current  distribution  appropriate  to  the  uniform  field  aoes  not  depend  on 

b 

4 

the  number  of  turns  in  the  shell  and  ic  approximately  given  by 


T =;  2tt  X 1 0 

o 


-9 


*■‘0 


V 

I 


= hir  X 1 0 


-9 


M 


where  M is  ilie  mas.s  of  the  sncdl  of  density,  p 7’hc  140  lb  of  copper  cladding 
on  the  v/irc  is  an  almost  ideally -coupled  secondary , as  well  as  being  electrically 


V.  .J  ihcrmally  intimLitc  to  tlie  jivipi- r condurtor . 


. liips  to  be  perfect  so  lliat  tliC 
*uii.\batic  dissipation  of  3. 


specific  heal  of 

I 

b MJ  produces  a 


If  wc  assume  these  rclation- 

tlu'  3NbZr  is  available,  then 

* 

temperature  rise  of  1 20°K. 


\ j I i fo  r tuna 
t 'i  i 'i  p i 1 c s a 


teiy,  the  cluingc  in  the  resistivity  of  the 
system  time  constant  of  about  . 6 see. 


copper  with  temperature 

f 

This  sounds  rather  fast, 


wc  will  take  advantage  of  the  nonlinearity  of  the  dependence  of  resis* 

P 

;;vily  on  temperature  and  add  another  300  lb  of  copper  to  get  a time  con- 
:?lant  of  about  10  s. 

As  we  are  constrained  by  tlic  vehicle  weight  limitation,  we  will 
r.bsert  that  this  solution  is  satisfactory,  tiiough  we  recognize  that  the 
t uenching  problem  constitutes  a major  development  area  in  building  the 
l>igger  magnet.  When  we  have  dealt  with  the  lesser  problem  of  decoupling 
tae  primary  and  ensured  the  local  protection  of  the  superconductor,  we 
will  examine  the  general  effect  of  field  collapse.  If  the  10  s.  afforded  by 

m 

‘140  lb  of  copper  proves  to  be  impossibly  fast,  and  something  of  the  order 
minutes  seems  reasonable,  there  are  two  alternatives.  We  can  keep 


tiiC  copper  in  the  temperature  range  of  its  residual  resistivity  by  cooling 
it  with  liquid  hydrogen  from  the  target.  A 300  lb  copper  shell,  surrounding 
lac  windings  for  good  coupling  but  thermally  isolated  from  them,  would 
t^ke  about  45  s to  dissipate  the  field  energy  and  boil  off  about  100  liters 
uL  ^^^2'  ^ reasonable  quantity  in  terms  of  the  boiling  heat  transfer  co- 
efficient for  hydrogen  and  the  available  area. 

If  this  is  insufficient,  we  can  try  another  metal,  like  sodium, 
which  generally  surpasses  copper  electrically  and  thermally  at  low  tem- 

i^eratures  and  is  about  two  orders  of  magnitude  better  in  this  application 

(22) 

eo cause  of  these  properties  and  its  low  density.  Taylor'  at  LkL,  Livermore 
-as  studied  the  use  of  sodium  for  cryogenic  magnets  and  reports  obtaining 

-9  , 

residual  resistances  of  the  order  10  ohm-cm  in  finished  magnet  assemblies. 
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m lu  tin  I’xamplc  oi  the  previous  paragraph, 
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1;.  V nargiug  U\c  magnet,  any  sliortcd  turn  will  cause  a dissipation 
oruM'gy  ill  cryt/gonu  tempo  rat  u re  s and  lengthen  the  charging  time.  How- 
Vv-r,  assuming  unity  coupling  between  primary  and  secondary,  the  energy 
1 rar.s  to  r -Tatio , is  related  to  the  primary  and  secondary  time  constants 

T and  T , and  is  given  by, 


R 


T 


w 


T + T 

P ^ 


We  merely  need  charg<^  the  magnet  in  a time  long  in  comparison  to  the 

t 

secondary  time  constant  to  avoid  this  inconvenience. 

Anotlier  problem  to  Ijc  solved  in  the  development  of  these  magnets 
is  the  one  of  quality  assurance  for  the  wire.  At  present  it  is  practicable  to 
buy  wire  in  20,  000  ft  lengt’ns  For  the  bigger  magnet  this  means  about  100 
pieces  of  wire.  It  will  be  desirable  to  wind  each  piece  into  a solenoid 
capable  of  developing  about  20  kG  at  20  A,  using  a coil  form  designed  as  a 
supply  spool  for  the  winding  machine.  Each  solenoid  will  be  tested  at  4.  2°  K 
and  then,  having  passed  performance  specifications,  its  wire  will  be  wound 
into  the  magnet.  In  order  to  keep  the  handling  costs  down,  we  will  have  to 
work  out  simpler  techniques  for  winding  solenoids  than  those  in  current 
use.  Wc  plan  to  investigate  the  possibility  of  using  multi- strand  conductor, 
though  the  economics  of  this  decision  depend  largely  on  what  kind  of 
warranty  agreement  we  arc  able  to  reach  with  the  manufacturers.  The 
present  cost  of  wire  is  about  $400  lb  ; we  have  estimated  material  costs 
for  our  magnets  at  $600  lb  ^ to  reflect  the  necessity  of  the  assurance  pro- 
gram. 

With  the  provisional  assertion  that  the  quenching  problem  can  be 
solved  with  the  expenditure  of  an  additional  300  lb  of  vehicle  weight,  the 


- .M- 


r.iaj^ncl  now  wcighlb  1 , <^20  ll)b,  AUhoujJi  »l  i not  very  c^lejj;Mnt  m terms  of 
engii'iOcring  do  sign,  it  is  rncchameally  ru}',f;t’ci  and  magnetically  stable,  and 

t 

It  will  work  in  principle,  Theref<jre,  il  ejjjji  .irs  tl^it  superconducting  mag- 
nets can  provide  tlie  needed  values  of  integrated  field  and  still  be  light  enough 
to  be  useful. 


E-  L,iquid  Hydrogen  Target,  Structure  and  Cryogenics 


The  essential  problem  here  is  first  to  design  a strong,  light- 
weight cryostat  that  will  provide  the  necessary  environment  and  support  for 

the  magnets  and  target  and  allow  the  inclusion  of  the  spark  chambers, 

1 

cameras,  and  other  equipment.  Then  we  must  integrate  this  structure  into 
a vehicle  which  must  not  only  have  sufficient  mechanical  rigidity  for  the  ex- 

4 

periment,  but  must  maintain  its  integrity  in  response  to  the  rigors  of  flight, 
landing,  and  transportation.  It  must  also  be  designed  with  an  eye  toward 
the  possibility  of  internal  failure  or  even  catastrophe. 

In  order  to  investigate  design  problems  and  get  some  feeling  for 
the  weight  of  a vehicle  which  meets  these  criteria,  let  us  again  adopt  the 

I 

simple  engineering  approach  used  in  the  design  of  the  spherical  magnet  in 

I 

the  preceding  section.  We  will  construct  the  cryostat  with  stainless  steel 
vacuum  walls,  in  the  form  of  cylinders  and  spheres  of  sufficient  wall  thick- 
ness to  be  stable  against  a pressure  of  two  atmospheres,  and  use  metallized 

I 

h 

mylar  " .pe rinsulation"  on  the  cold  vessels  to  control  the  radiation  heat 

* 

load.  This  approach,  shown  in  Figure  5,  turns  out  to  be  crude  "state  of 

- I 

the  art"  but  serves  to  set  an  upper  limit  to  the  vehicle  weight  and,  at  the 
same  time,  emphasizes  that  we  need  not  go  to  the  sophistication  of  space- 
craft in  our  ultimate  design. 

The  magnets  are  oriented  as  a quadrupole  to  provide  rotational 


* 
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> ilu*  wrtival  In  tin;  o r i u t . 1 .i  1 1 on  U\(’  fields  add  » though  the 

w oiu  r ibul  ion  only  about  1 ')'V  To  firs.t  {jrrler,  lliis  ctmlrilnilion  results  in 

a 1 bO  G gradient  across  the  3 kp  rinalyv.ing  magnet  which  docs  not  seem 
serious  in  terms  of  the  distortion  of  its  siicll.  However,  liiis  is  an  effect 
which  must  be  included  in  the  computer  design  of  the  entire  system.  The 
hydrogen  target  supports  the  magnets.  Thus  a major  source  of  heat  load 

4 

on  the  helium  is  returned  to  hydrogtm  temperature  and  all  the  cryogenic 
structures  are  tied  together  for  mechanical  ruggedness.  As  the  vacuum 
shell  must  be  stiff  to  the  atmosplicre,  we  use  its  strength  against  members 
in  tension  returning  to  the  cold  structure.  The  major  support  point  for  the 
cold  structure  is  the  platform  on  which  the  Cerenkov  detector  reposes;  this 
is  also  the  ultimate  tie-point  to  the  balloon.  Lateral  support  for  the  target 
and  magnets  is  provided  by  tension  members  returning  to  stiffening  rings 
on  the  vacuum  wall.  The  estimated  weights  of  the  components  and  struc- 
tural members  is  given  in  Table  1.  We*  see  that  the  experiment  seems 
reasonable  from  this  standpoint  with  a total  estimated  weight  of  7,760  lb, 
but  the  problem  of  landing  is  a little  troublesome. 

* 

The  vehicle  will  strike  the  earth  in  a more-or-less  vertical 


attitude  and  it  is  undesirable  that  it  land  on  the  vacuum  wall.  Figure  5 
shows  a truncated  tetrahedral  pyramidal  cage  made  from  welded  steel 
tubing  with  the  experiment  hanging  inside,  supported  by  elastic  members 
for  shock  resistance.  This  design  has  the  advantage  that  the  balloon  can 
bo  tied  to  the  cage  and  that,  once  on  the  ground,  the  vehicle  retains  some 
of  its  vertical  orientation  and  has  little  tendency  to  roll.  It  weights  600  lb, 
but  this  figure  can  probably  be  reduced  in  design,  or  we  can  turn  to  other 

I 

possibilities,  such  as  pneumatic  pillows  of  multicellular  structure. 

Both  the  ground- surface  and  stratospheric  heat  loads  on  the  cryo- 
-icvc  components  are  given  in  Table  2.  Fortunately,  because  the  ambient 


t k.:  r.  1 po  t Vi  1*  dr  opts  U)  <il>v>ut  ^ K,  llit'  r.(cliatioi;i  loads  decrease  to  ^0%  of 

the  VOO  K value  and  the  rcuKlm  t iotv  loads  to  about  75%.  The  licat  loads  con- 

£>ibt  oi  ra  that  ion  from  tlie  warm  walhi,  support  condviction,  and  conduction 

alonj.;  electrical  leads.  All  of  tlicse  can  Va:  effectively  counter  flow  heat- 

e::changod  with  Uie  boiloff  of  hydrogen,  and  in  particular  helium. 

Tile  winding  support  structure  of  tliG  magnets  also  acts  as  a heat 

exchanger  with  liciuid  liclium  circulation  in  imbedded  copper  tubes  fed  by 

gravity  from  a 37  liter  storage  vessel  near  the  upper  magnet.  This  supply 

is  adequate  for  a 24-hour  flight,  including  ascension  time.  All  liquid 

■■ 

vessels  are  pressurized  to  1 atm  absolute  to  keep  the  latent  heat  of  vapori- 
zation high  in  the  low  ambient  pressure  of  the  stratosphere  and  are  pro- 
vided with  surge  barriers  to  prevent  liquid  loss  from  possible  sudden 
deceleration  during  ascension.  Hydrogen  venting  is  done  at  a point  well 

•L 

removed  from  the  vehicle,  and  provision  is  made  to  jetison  the  target  con- 
tents before  landing.  The  total  enthalpy  to  27  3^  K is  about  400  M J , so 

the  most  energetically  economical  thing  will  be  to  pressurize  the  target  and 
eject  liquid  directly,  though  this  procedure,  as  well  as  the  whole  hydrogen 
transport  problem,  deserves  careful  study. 

F.  Developmental  and  Operational  Support 

Having  completed  our  discussion  of  the  specific  elements 

4 

of  the  experiment  and  the  vehicle  design,  we  will  turn  now  to  examine  briefly 
a few  relevant  areas  that  have  to  do  with  the  development  and  operation  of 
the  experiment.  Beyond  noting  that  detailed  problems  relating  to  the  opera- 
tional support  of  the  working  experiment  exist  and  have  practicable  solutions, 
v/e  will  confine  our  attention  to  the  development  program  and  those  areas 

m 

i 

affecting  it. 

The  experiment  will  be  operational  in  two  years.  In  order  to  achieve 


- in- 


this  wc  mubt  complete  prototype  testing  by  the  end  of  the  fifth  quarter. 


i.  .io-iuly  bome  elements  of  I lie  expo  rime' nl,  the  vehicle  for  example,  will 

/ 

rei.piire  little  development  and  may  be  designed  in  detail  as  soon  as  the 
physical  design  of  tlie  cxporimiinl  is  cctmpleUul.  Others  will  require  con- 
t-iderable  development  or  prototyi>e  effort.  Fortunately,  most  of  the  testing 
can  be  done  by  "flying'Vthc  component  in  an  environment  chamber  in  the 
laboratory.  One  exception  to  tliis  is  tlie  Cerenkov  trigger  which  depends 

fe 

on  the  cosmic  rays  of  the  stratosphere  for  its  complete  evaluation.  Thus 

vee  must  make  early  contact  with  the  realities  of  balloon- flying . (See 

* 

Appendix  II). 


1 . The  Balloon 

At  the  present  time  tliere  are  three  commercial  con- 

* f 

ea  rns  offering  their  services  to  balloon  users.  These  companies  will 
handle  all  aspects  of  launching  and  recovery.  As  a rule  of  thumb,  the 
iiight  of  a balloon  with  a volume  of  V million  cubic  feet  costs  about  ZV 
tiiOusand  dollars.  This  rate  applies  to  simple  balloon  systems  in  the  capa- 
city  range  of  about  1 million  cubic  feet,  such  as  would  be  used  in  the  first 
flights  (see  Appendix  II).  The  larger  and  more  elaborate  balloon  systems 
such  as  would  be  required  for  some  of  the  final  flights  might  cost  up  to 
100  thousand  dollars.  For  orientation,,  the  5 million  cubic  foot  Stratoscope  II 
bLilloon  carried  a 3-1/2  ton  payload  to  80,000  feet  and  cost  53  thousand  dollars. 
V/e  shall,  therefore,  assume  that  we  do  not  have  to  become  balloon  experts 
in  order  to  use  cosmic-ray  protons  as  bombarding  particles. 

We  expect  to  start  making  use  of  these  services  in  the  third  quarter 
to  obtain  data  for  the  Cerenkov  trigger  development  and  we  will  establish  a 
field  support  effort  early  to  handle  these  experiments  and  get  familiar  with 


the  general  problem. 
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ADVISORY  PAJMEL  ON  THE  SCIENTIKIC  USE  OU  BALLOONS 

MEETING  15  NOVTlMBER  !9bS 


agenda 

* • Minutes  of  LliG  meetiny^  of  16-17  S«?pt ember  1 96-^ 

A copy  of  the  minutes  of  the  meecing  of  16-17  September 
1964  is  enclosed,  Appendix  A.  Acceptance  of  the  minutes, 
with  any  necessary  corrections,  is  requested. 

2.  Actions  on  prior  Panel  recommend at  ions  --  Aivin  L.  Morris 

A summary  of  prior  Panel  recommendations  and  the  action 
taken  on  each  will  be  given  orally  at  the  meeting.  This  is 
to  be  given  principally  for  information  but  the  Panel  is  in- 
vited to  offer  comments. 

3.  Annual  Report  --  Alvin  I,.  Morris 

A copy  of  the  Annual  Report  is  enclosed,  Appendix  B. 

The  Panel  is  requested  to  review  this  report  critically  and 
forward  it  to  the  Director  of  NCAR  with  Panel  commenrs  and 
cr it ic isms . 

4 . Review  of  Facility  activity  in  the  current  calendar  year  -- 
Alvin  L.  Morris 


A resume  of  the  activity  of  the  Facility  during  the 
current  fiscal  year  will  be  given  orally  to  bring  the  Panel 
up-to-date.  Key  staff  members  v?i  1 1 be  a \/a  liable  to  answer 
questions,  and  Panel  comments  are  invited 


5,  Ballooning  requirements  --  Thomas  W.  di.  Ihori! 


Requirements  for  scientific  ballooning  appear  to  be 

The  Panel  is  asked  to  review  tne  evidence  of  this 


change,  to  be  presented  orally  by  Mr  Rilhi  rn,  and 
on  our  intor pretat Ion  of  the  evidoncv.  . Our  liiture 
be  determined  by  our  Interpretation  d‘  slated  and 


to  Ci)minent 
course  will 
implied  rt- 


quirements:  therefore  it  is  import snt  that  oui  interpretation 
be  well  founded  and  intelligent. 


A'dimuth  s tabt  1 i iiat  Ion  and 
M.  Angevine 


startrack-  r r-’qu  i reita nc  ^ 


Jack 


Severn  1 


t' 


of  N(  AR  ballooning 


2.  Tolomt^iry 

The  engineering  problems  associalccl  willi  ihc  trans- 

t 

i'nission  of  important  fliglil  and  experimental  data  from  the  vehicle  are  not 

tiorious,  except,  possibly,  for  those  re  kiting  to  altitude  and  power  limita- 

\ 

tions.  Wo  merely  mention  tlic  subject  because  there  will  be  an  early  need, 

■ 

and  more  importantly,  because  nearly  every  clement  of  the  experiment  must 
bo  coiisidored  in  the  design  of  the  telemetry  equipment. 


3.  Optics 

Like  telemetry,  the  optics  planned  for  the  experiment 
arc  quite  conventional.  We  will  need  several  cameras  using  standard  bubble- 
chamber  film,  so  that  the  data  may  be  scanned  on  existing  equipment.  Possi- 
bly one  of  the  cameras  will  be  used  to  photograph  the  spark  chambers  in  the 


j \ 


mentum  analy/^er  and  another  will  be  used  in  conjunction  with  the  wide 


C 

& 


»ap  spark  chamber  to  obtain  stereoscopic  photographs.  In  the  latter  case, 


WG  plan  to  provide  polar  access  through  the  chamber  magnet  for  photography. 
(The  recent  rapid  strides  being  made  in  "filmless  spark  chambers"  may 
obviate  the  need  for  cameras  to  record  the  position  of  sparks  in  the  upper, 
narrow-gap  chambers). 


4.  Data  Analysis 

For  the  most  part,  there  arc  no  major  new  problems 
involved  in  the  scanning  or  measurement  of  photographic  records  which  are 
recovered  from  a balloon  flight.  The  wide-plate  spark  chamber  will  pro- 
duce photographs  that  are  easily  scanned  and  measured  on  the  standard 
bubble  chamber  analysis  equipment.  Spark  chamber  photos  of  the  type 
required  for  use  in  the  emulsion  measurements  need  be  measured  in  only 
one  corrdinate  to  moderate  precision.  Although  this  could  be  done  on 
standard  bubble  chamber  measuring  machines,  it  would  probably  be  more 
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-29- 


i , ^ i ^ 


t.l  Uj  iHiild  a iipcri.il  - clirno ns lona  I n^uasuritig  dcvicu  for  this  parti 


^ nlvU’  job,  Tlic  i:nnilrii 


on  mca  su remtint  would  rcciuirc  equipment  designed  to 


position  and  orient  the  emulsion  so  tli.it  the  desired  track  is  in  the  field  of 


ih 


c measuring  microscope  and  roughly  along  the  optic  axis.  The  desired 


track  wouht  appear  as  a wiggling  spot  when  tiie  rhicroscope  scanned  through 
the  emulsion  depth.  Once  a track  was  identified  by  this  technique,  the  pre- 

4 I * 

CISC  position  would  be  determined  with  respect  to  a 1 mm  grid  printed  on 
the  emulsion,  as  is  standard  practice  in  emulsion  work. 

■ 

In  summary,  except  for  emulsions,  the  techniques  of  measurement 
are  quite  conventional.  The  emulsion  measurements  would  differ  in  that 


omewhat  specialized  equipment  would  be  required,  and  the  measurements 


would  be  done  as  the  last  step  in  the  analysis  of  events  when  the  particle 

i 

orbit  and  the  need  for  the  emulsion  measurement  was  established  from  a 

I 

preliminary  analysis  of  the  other  information.  Emulsion  techniques  are 

4 

not  new  to  the  Eawrence  Radiation  Laboratory.  There  is  presently  a 

P 

technical  staff  of  about  15  persons  at  Berkeley  who  scan  and  measure  nuclear 
emulsions,  and  a program  is  already  underway  to  develop  automatic ‘equip- 

I 

ment  for  measurement  of  emulsions. 


V.  Conclusions 

« 

I II  1*1  ■ LIJ  mnt  * * 

I 

There  are  reasonable  technical  grounds  for  believing  that  meaningful 

* 

and  precise  high- ene rgy- phy sic s experiments  in  the  energy  range  100-1,000 

4 

I 

BeV  and  beyond  can  be  performed  in  the  upper  atmosphere.  The  feasibility 

#• 

* 

of  these  experiments  depends  on  a number  of  techniques  and  recent  techno- 
logical developments  discussed  in  this  proposal.  The  cost  of  the  proposed 

M 

V 

developmental  and  experimental  program  {see  Appendix  1)  is  small  in  com- 

■ 

i 

parison  to  other  proposed  methods  of  investigation  in  this  energy  range,  though 

the  comparison  must  be  made  with  the  exploratory  nature  of  the  expiments  in 
mind. 


- ^0- 
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VI.  PcrLuinnol  and  Facililios 


Professor  Luis  Alvarez  i.s  the  principal  (faculty)  investigator  and 
Dr.  W.  Humplircy,  tiio  co-expcrimcntcr , will  serve  as  project  leader. 

The  Space  Sciences  Laboratory  and  its  director,  Professor  S.  Silver,  will 
have  general  administrative  responsibility  for  the  project  and  for  its  rcla- 
tionsliip  to  the  academic  program.  A number  of  graduate  students  who  will 
work  with  Professor  Alvarez  for  advanced  degrees  under  the  program  will 
be  employed  as  research  assistants  by  the  Space  Sciences  Laboratory  and 
special  research  studies  associated  with  the  experiment  will  be  carried  out 
in  tile  Laboratory. 


The  major  part  of  the  development  of  the  instrumentation  and  the 
auxiliary  equipment  will  be  done  by  Professor  Alvarez'  group  in  the 
Lawrence  Radiation  Laboratory  where  facilities  are  already  available  for 
a project  of  this  magnitude.  The  Space  Sciences  Laboratory  will  give 
assistance  with  balloon  techniques  and  instrumentation  of  telemetry;  the 
staff  nicmbers  of  the  Laboratory  have  considerable  experience  in  conducting 
balloon-borne  experiments. 


V II . Budgets 

■ 

The  budget  is  set  up  in  accordance  with  the  division  of  activities 
described  in  Section  VI.  The  Space  Sciences  Laboratory  and  the  Radiation 
Laboratory  operate  under  somewhat  different  rules  and  proceedures.  In 
particular,  their  overhead  rates  differ.  The  budget  is,  therefore,  divided 

into  two  parts,  one  covering  the  work  to  be  conducted  by  the  personnel  of 

>■ 

the  Space  Sciences  Laboratory  and  the  other  covering  the  work  to  be  done 
by  personnel  of  the  Radiation  Laboratory.  The  latter  is  detailed  in  quarterly 
periods  in  Appendix  I which  follows  the  presentation  of  the  composite  budget. 


Budget  and  Appendix  I not  included 


Appondix  IT 


Pre  1 im i M a r ;/  1 1 oo ri  FI UtH t s 

The  proposal  outlined  in  the  body  of  this  paper  represents  whet 

probably  would  be  the  most  soph i s t- i (“n ted  pnol^n^^e  to  be  used  in  the  program  of 

balloon  flight  experiments.  Such  a device  requires  a great  deal  of  engineer- 

■ 

Ing,  ground  testing  and  construci.ion  ■ ime,  and  the  first  helloon  flight  for  the 

entire  system  would  probably  not  take  place  until  between  one  and  two  years 

after  the  program  started.  In  the  meantime,  several  smaller  pieces  of  apparatus 

must  be  flown  in  order  to  test  certain  of  1-he  experimental  techniques.  Some 

■ 

physics  would  come  out  of  these  first  flights.  The  following  paragraphs  des- 
cribe the  nature  of  these  first  few  preliminary  balloon  flights,  and  what 
resul.ts  would  be  expected  of  each.  It  is  unrealistic  to  list  more  than  a few 
of  the  anticipated  test  flights,  because  the  information  from  the  first  few 
flights  will  undoubtedly  determine  the  nature  and  momber  of  further  test 
flights.  At  the  end  of  the  appendix,  there  is  a discussion  of  alternate 
configurations  to  the  one  proposed  in  this  paper  which  might  provide  useful 
physics  later. 

Flight  1 and  2 

4 

V 

The  first  flight  would  probably  take  place  about  six  months  after 
the  beginning  of  the  program.  The  principal  function  of  this  flight  would 

■ 

he  to  test  the  operation  of  the  Cerenkov  trigger  system.  The  most  important 

¥ 

information  from  this  flight  would  relate  to  the  durability  end  opacity  of 

■ 

the  light  tight  Cerenkov  gas  enclosure,  and  the  detecting  efficiency  of  the 
device.  In  the  first  flights,  the  launching  procedure  for  the 'rather  bulky 
Cerenkov  gas  enclosure  would  be  tested. 


i' 


iC  exper 


.1, 


iLself  followed  by  a 
r a d 1 a t o r f o 1 1 o w e d by 


u*ntal  train  would  r’nn::lsi.  of  the  Cerenkov  trigger  assembly 
series  of  two  or  more  assemblies  consisting  of  a lead 
n scinti lln t ion  counter.  The  radiator- counter. 


aesembly  serves  to  identify  electrons  which  trigger  the  Cerenkov  counter, 
by  detecting  the  Large  scintillat.ion  p\ilse  resulting  from  an  electron  shower 


the  lead.  Several  plates  are  needed  because  a single  plate  would  not  be  effective 

* 

for  electron  energies  in  the  region  below  ^00  MeV.  If  all  went  well,  the  date 
from  the  flight  should  be  consistent  with  the  present  estimates  of  cosmic  ray 


proton  flux.  In  addition,  useful  information  such  as  background  counting 


■ 

rates  and  the  high-energy  electron  flux  would  be  available.  The  electron 
flux  as  a function  of  altitude  should  also  be  consistent  with  the  incident 
proton  flux  and  the  interaction  crossection.  It  is  interesting  to  note  that 


primary  cosmic  ray  fluxes  have  been  estimated  from  measurements  on  the  earth's 
surface.  Tiiis  flight  would  constitute  a direct  measure  of  the  integrated  high 
energy  proton  flux,  assuming  the  Cerenkov  detector  functioned  correctly. 


Flights  3 1 

Snortly  following  the  first  flights,  further  flights  would  be  carried 
out  to  test  the  spark  chamber- emulsion  technique,  and  the  wide- gap  spark  chamber  . 
Tne  emulsions  from  these  flights  would  provide  a sample  of  data  with  which  to 
develop  the  measiiring  techniques.  The  important  point  in  regard  to  the  wide- 
gap  spark  chamber  would  be  the  detecting  efficiency  for  a shower  of  pions 
produced  by  a nuclear  interaction.  The  operation  of  the  cameras  for  the  emulsion 
spark  chambers  and  the  wide-gap  spark  chamber  would  be  checked  out  in  these 

i 

flights . 

Thie  experimental  arrangerrient  would  consist  of  the  Cerenkov  trigger, 
followed  by  at  least  three  emulsion  plates  between  a pair  of  spark  chambers, 


followed  "by  a target,  followed  l\y  the  vide  plate  ’spark  chamber,  and  finally  a 


set  of  radiators  to  identify  eleo'ronr.  as  in  the  first  flights.  Particles 
which  are  identified  as  high  energy  protons  can  be  considered  to  have  a straight 
orbit,  as  an  aid  in  calibrating  the  omxilsion  meaavirenients . With  a series  of 
three  or  more  emulsions,  in  the  spark  chamber- emulsion  module,  it  is  possible 
to  establish  the  stability  of  the  emulsion  support  frame,  as  well  as  measure- 
ment techniques.  Deviations  from  straightne.ss  for  the  high  energy  protons  must 
result  from  emulsion  measurement  error,  mechanical  mounting  error,  and  Coulomb 


scattering.  In  fact,  if  things  go  well,  some  estimate  of  the  energy  of  in- 


dividual protons  might  be  made  on  the  basis  of  the  m\iltiple  scattering  of  the 
proton  between  eivulsions. 

As  a check  on  the  efficiency  of  the  wide-gap  spark  chamber,  the  tracks 

found  in  the  upper  half  of  the  chamber  could  be  traced  into  the  lower  half  of 

* 

« 

the  chamber  to  make  sure  no  tracks  are  lost.  Another  point  of  interest  would 


be  the  chamber's  ability  to  detect  the  individual  members  of  the  narrow  central 

t 

cone  of  pions  (those  moving  forward  in  the  center  of  mass  system).  The  minimum 

angle  or  separation  between  two  resolvable  tracks  would  be  established. 

* 

These  flights  would  serve  as  pilot  runs  to  the  final  experimental 
configuration.  All  the  major  experimental  components  would  be  present,  and  the 
data  analysis  system  co”ld  be  applied  to  data  of  these  flights.  Moreover,  the 
physics  data  available  from  these  relatively  simple  flights  would  already  be 
far  superior  to  that  presently  obtained  by  conventional  emulsion  methods. 


Flight  3 ai^^d  beyond 

The  fifth  flight  would  probably  be  the  earliest  possible  flight  to 
carry  a superconducting  magnet.  Among  the  numerous  tests  in  this  flight  would 


bp  Uip  st'idy  of  Tr.arrnptoc  intorfprnnf'p  v:'th  o^.hnr  pqiri pinp.nt  such  ns  csF'era 

inp.chari.isms , nnd  tho  n«w  r*'r:ovcr.v  prob3pT.n.  Al]  ^’ropi  this  pojnt  on 

1 

should  yield  vn3unble  phycirrv  dnt.a. 

4- 

Alternate  p}\ysicn  night  mn t i ons 

Ailthoue;h  1t  is  deriirable  t.o  riy  some  balloon  flights  with  a liquid 
hydrocen  tarp;et  surti  ns  described  in  this  proposal,  there  are  also  advantaj^es 
to  us-!nfT  other  types  of  tarnet  material  such  as  iithi’im  hydride  or  hydrocarbons 

4 

Aside  from  the  obvious  slmplif ion ti on  achieved  by  eliminating  the  bulky  cryo- 
f^enios  associated  with  the  hydrogen,  tliere  are  also  advantages  in  the  form  of 
increased  counting  flux  and  larger  solid  anf^lo  at  the  wide  r:ap  spark  chamber. 
The  increased  counting  flux  comes  about  as  a consequence  of  the  shortening 
of  the  entire  apparatus  with  removal  of  the  hydrogen  tarnet,  wMch  allov/s 
us  to  accept  perhaps  twice  the  solid  anf^le  of  cosmic  ray  protons.  The  more 
favorable  reonetry  at  the  wjde  cap  spark  cham.ber  is  the  result  of  beinrr  able  to 
place  a more  compact  tarf^et  imiTiedia tely  above  the  chamber  (perhaps  inside  the 
superconductinf:  chamber  mafjnet)  and  detect  larcre  .anirle  secondaries  which  would 
be  missed  if  produced  in  the  hydrogen  tarf^et. 

The  wide  cap  spark  ciamber,  as  proposed,  is  a two  section  chamber. 

It  would  probably  be  useful  to  fly  some  flights  with  material  between  the  two 
halves  of  the  chamber  (for  example  lead  to  convert  camm.a  rays  for  detectir*g  n° 
mesons,  or  hydrogen  rich  tarcet  material  for  studying  interactions,  of  the 
secondaries), 

A few  nights  without  momentum  analysis  micht  also  be  usef\il. 
Although  the  momentum  inform.ation  from  the  emulsion  measurements  would  be 
missinCi  the  rapid  decline  of  the  proton  flux  with  energj''  combined  with  the 


^ Cerenkov  c-itoff  <Jo  providr!  Vh'  r.'f  for  i,r.^  rr^tonn 


I 

The.  proton  nnerp:;  could  bo  rnur.bly  deorrlbcd  os  t ^0  PeV,  which  wo  ilo  in- 


clude 6?  ”/o  of  the  proton  flux,  Ibo  roin  in  oliminotinf'  the  momentum  analysis 

i 

-would  be  the  increase  in  flux  from  shortoninm  the  total  lenf'tti  of  the  apnora- 

■ 

tus,  as  well  as  a reduction  of  the  balloon  packare  weinht  thr^ur^h  the  elimina- 

4 

tion  of  a superconducting  rrapnet  and  spark  chambers.  The  analysis  oT  such 
events  would  proceed  more  qui  ckly. wi  thout  having  to  make  the  emulsion  measure- 
ments for  momentum  informatnono 

A combination  of  the  above  alternatives  woiJ.d  lead  to  a variety,  of 

balloon  flic:hts  of  a modest  nature  in  terms  of  balloon  loads,  but  capable  of 

* 

providimr  valuable  physics  data. 


TAn::-:  i 


Coirponont  '.'.'oif^hts 


Co^ ponont 

Sub -comp,  weirht  Ifc^pht 

1. 

Tar pet 

u* 

4 

Oyl . vrallo 

Jion 

Snds 

?o 

Kisc,  and  plumbinr; 

150 

LII^  load 

?30 

o 

GO 

?. 

Analyzinr  Vapnet 

Simerconductor  and  ropper 

6o 

V.'ire  support 

170 

Infjicin  akin 

30 

Snerpy  dunpinp 

100 

100 

I|60 

3. 

Chambor  map  net 

Superconductor  and  copper 

580 

V.’ire  support 

3)i0 

Inside  skin 

70 

Enerpjy  dumping 

300 

Yisc , 

i5o 

IhKO 

L. 

37  1.  ^^elium  P.estrvdir 

100 

100 

5. 

CjT'/’ostat  Structure 

Vacuum  wall 

16?0 

* 

Chamber  map . sphere 

110 

Internal  support 

100 

External  support 

300 

Landing  pear 

600 

* 

Mis  c . 

200 

2930 

6, 

Cerenkov  detector 

500 

7. 

Analyzing  chamber  and  ermilsicn 

stacks  and  support 

■ 

2 50 

8. 

'''/ide-pap  spark  chamber 

100 

9. 

Cameras 

300 

10. 

Electronics  (counters  and  telemetry) 

200 

11. 

Electronics  (chamber  supplies) 

* 

I'^O 

1?. 

Film 

* 

150 

13 

. Misc. 

% 

'350  • 

Tot:=l  weight  ’ 7760 
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Agenda,  continued. 


services  hava  recently  stated  requirements  for  star  tracking 
and  azimutli  stabilized  platforms.  Mr  Angevine  will  summarize 
stated  requirements  and  outline  possible  NCAR  positions  at 
the  meeting.  The  Panel  is  requested  to  advise  NCAR  on  its 
proper  response  to  these  requirements.  Dr.  Gordon  Newkirk 
of  NCAR  has  been  asked  to  join  in  the  discussion  of  Agenda 
Items  6 and  7 to  give  the  view  of  a user  of  our  flight  ser- 
vices . 

^ • Progress  on  h 
W.  Bilhorn 


;:avy  load  launch  deve lopment  program  --  Thomas 


Our  program  to  develop  and  improve  heavy  load  launch 
equipment  and  teclmiques  will  be  critically  reviewed  by 
Mr  Bilhorn.  Panel  comments  and  recommendations  are  re- 
quest . 

8.  Rpfequeat  by  Dr.  DelbouiLle  of  Belgium  for  balloon  flight 
^_r vices  Alvin  L.  Morris 

Dr  L Deibouillu  of  the  InsLitut  D' As t ropliy s ique  of 
the  Univcrsitfc  de  Liege  has  requested  that  NCAR  provide  flight 
services  for  a series  of  flights  planned  by  him  and  his  col- 
leagues A brief  summary  of  the  experiment  they  propose  and 
a copy  of  letters  from  Doctors  L.  Delbouille  and  M.  Migeotte 
are  enclosed,  Appendix  C Dr.  Delbouille  and  Dr.  Roland 
toured  ballooning  facilities  in  the  II . S . and  determined  that 
our  facilities  meet  their  requirements  best.  They  were 
especially  concerned  about  telemetry  and  command  systems; 
our  standard  ?C14  system  meets  their  requirements.  Addition- 
al information  has  been  requested  from  Dr,  Delbouille  in  or- 
dtr  that  we  might  assess  his  operational  requirements  more 
realistically.  At  present  we  know  that  he  wishes  to  fly  the 
equipment  to  altitudes  above  80,000  feet,  that  it  consist.s  of 
3.  telescope  which  must  be  directed  with  precision  (+  5'  at 
first,  but  more  precisely  later),  that  the  payload  weight  will 
be  of  the  order  of  1200  to  1800  pounds,  and  that  he  hopes  to 
make  the  first  flight  in  the  autumn  of  1966.  Additional  in- 
formation will  be  presented  to  the  Panel  at  the  meeting  if  it 
arrives  in  time 

We  foresee  no  particular  operational  difficulties  and 
the  co.sts  to  NCAR  beyond  our  normal  operating  costs  will  be 
almost  negligible.  Some  equipment  such  as  a parachute  and  an 
airborne  telemetry  and  command  unit  may  have  to  be  loaned  to 
the  project  on  -a  long  term  basis, 

rVie  Panel  is  requested  to  approve  NCAR  participation  in 
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.Component  Meet  I^eds  (Watts) 


Component 

r'onduction 

Load 

Radiation 

Load 

Total  Load 
(300°  K) 

Total  Load 
(230°  K) 

1 . Targe  t 

0.7 

3.5 

h.2 

1.7 

2,  Analyzing 'Magnet 

0.? 

0.2 

0 . ^4. 

0.22 

3.  Chambnr  Magnet 

0.63 

0.)i6 

1.09 

0.60 

’•  luimK  v.s 


3 "Tie  h.\7>erbolic  mirror  K^,  t,hrj  ellipsoidni  mirror  M«,  and  the 
pholomul tipi ior  PM  make  up  thn  Cerenkov  counter  C^,  , Cj> 

h 

and  C in  coincidence  trirror  the  entire  sr'/ntem.  To  exclude 

* 

interactions  before  tha  tnrpet,  the  pulse  helf»'ht  In  must  be 
no  more  than  that  a sir.ple  particle. 

Fie,  ? Intefrrated  flux  of  hi  r'h-nnerf^  cosmic  ray  protons  as  a function 

of  the  intetxratinn  limit  enerrcy. 


Fi-r,  1 Spark  chambers  , S^,  and  S-,  are  used  to  locate  particle  tracks 

1 ? i 

for  precise  measurement  in  nuclear  emulsions  E^,  E^,-  and*  E 
located  in  the  uniform  map:r.etic  field  D. 

I 

~ie.  )'  Schematic  of  Strauch  wide-r;ap  spark  chamber, 

a 

FirT,  5 Section  of  proposed  experimental  structure. 
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Environment  Handbook,  Edi  t.en  ny  rVanois  T.  Johnson,  Etanford 
University  Press,  I96I. 

U.  Karcel  Schein,  D.  M.  Kaskin,  F. . liOhrmann,  M.  V/.  Teacher,  Knit iple 
Meson  Production  in  Nucleon-Nucleon  Tr.terec<  i ons  at  Energies  of 
10 ev,  Proceedings  of  the  Moscow  Cosmic  Ray  Confer*rnce,  Vol . I, 
July  b-11,  1959. 

5.  C.  F.  Povell,  Siimmary  Talk  of  Jet  Sessions,  Journal  of  the  Physical 


Society  of  Japan,  Vol.  1,', 
ference  on  Cosmic  Rays  and 
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Energy  of  Hundreds  of  GeV  and  Their  Interaction, 


Journal  of  the  Physical  Society  of  Japan,  Vol.  IT,  Sup.  A- III,  pg.  375 
(international  Conference  on  Cosmic  Rays  and  the  Earth  Storm) 

M.  Klesowlcz,  Recent  Studies  on  the  Fire  Ball  Model,  Journal  of  the 
Physical  Society  of  Japan,  Vol.  17,  Sup.  A- III,  pg.  (international 

Conference  on  Cosmic  Rays  and  the  Earth  Storm) 


11.  A. A.  Emelyanov,  I.  L.  Rosental,  Ir.terpreta ti on  of  the  T’»/o- Center  Model 
vlthi.n  the  Hydrodynamical  Theory,  Journal  of  the  Physical  Society  of 
Japan,  Vol.  17,  Sup.  A-TII,  pg.  502,  (international  Conference  on 
Cosmic  Rays  and  the  Earth  Storm) 

12.  Proceedings  of  the  19^3  Summer  Study  on  Storage  Rings,  Accelerators, 

And  Experi.'nentation  at  Super- High  Energies,  Prookhaven  National  Labora- 
tory~ report  BNL  753^  (June 
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Pro fe.is  Long  1 (juallficol  ions 


Luis  W. 


Alvarez  received  hig 


ilgcheior  of  Science  degree 


Master  of  Science  degree  in  1934,  and  liis  Ph.D.  in 


all  from  the 


University  of  Chicago,  In  1936  Dr,  Alvarez  joined  the  Radi.Tlion  L.iboratory 

4 

of  the  University  of  California,  where  he  is  now  a professor.  He  was  on  leave 
at  the  Radiation  Laboratory  of  Massachusetts  Institute  of  Technology  from 
194U  to  1943  and  at  the  Los  Alamos  Laboratory  of  the  Manhattan  District  from 


1943  to  1945. 

Professor  Alvarez  is  a member  of  the  National  Academy  of  Sciences, 

American  Philosophical  Society,  American  Physical  Society,  and  American 

» 

Academy  of  Arts  and  Sciences,  In  1946  he  was  awarded  the  Collier  Trophy  by 
the  National  Aeronautical  Association  for  the  development  of  the  ground  control 
approach,  an  aircraft  landing  system.  In  1953  he  was  awarded  the  John  Scott 
Medal  and  Prize  by  the  city  of  Philadelphia,  for  the  same  work.  In  1947  he  was 
awarded  the  Medal  for  Merit,  In  1960  he  was  named  ''California  Scientist  of  the 
Year"  for  his  research  work  on  high-energy  physics.  In  1961  he  was  awarded  the 
Einstein  Medal  for  his  contribution  to  the  physical  sciences.  In  1963,  he  v;as 
awarded  the  Pioneer  Aware  of  the  AIEEE,  and  in  1964,  he  was  awarded  the  Nation- 
al Medal  of  Science,  for  contributions  to  high-energy  physics. 

At  M,I,T,,  during  the  war,  he  was  responsible  for  three  important  radar 
systems  - the  microwave  early-warning  system,  the  eagle  higH-alt itude  bombing 
system,  and  a blind  landing  system  for  civilian  as  well  as  military  applications 
(GCA,  mentioned  above).  While  at  the  Los  Alamos  Laboratory,  Dr.  Alvarez  developed 
the  detonators  for  setting  off  the  plutonium  bomb.  He  flew  as  a scientific 
observer  at  both  the  Almagordo  and  Hiroshima  explosions. 

Dr.  Alvarez  is  responsible  for  the  design  and  construction  of  the  Berkeley 


4U-foot  proton  linear  accelerator,  which  was  completed  in  1947.  Since  that  time 
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Aj'i.-ncla  , continued 


the  flight  series  which  Dr  Delbouille  proposed  if  in  the 
Panel’s  view  the  flights  are  feasible  and  warranted  by  the 
scientific  merit  of  the  proposed  experiments. 

9 Request  by  Dr  Luis  W Alvarez  of  the  Space  Sciences  Labora- 
tory  of  the  University  of  California  for  flight  services  -- 
Alvin  L Morris 

Dr  Luis  W Alvarez  of  the  Space  Sciences  Laboratory  of 
the  University  of  Cai^ifornia  at  Berkeley  has  requested  flight 
services  on  a series  of  high  energy  particle  experiments.  A 
detailed  description  of  these  experiments  is  enclosed,  Appen- 
dix D and  Ur . W E Humphrey,  an  associate  of  Dr.  Alvarez, 
has  promised  to  be  on  hand  to  answer  Panel  questions. 

The  experiments  proposed  here  will  require  very  careful 
coordination  between  the  experimenters  and  Facility  person- 
nel over  an  extended  period.  As  now  conceived,  some  develop- 
mental work  will  have  to  precede  the  first  physics  data 
gathering  flight  The  very  powerful  magnet  must  be  given 
special  protection;  for  example,  we  can  not  launch  it  with  a 
ferrous  launch  vehicle  in  our  usual  fashion.  The  equipment 
is  fragile,  and  we  may  have  to  develop  special  recovery  tech- 
niques to  prevent  undue  damage  on  landing.  Special  facili- 
ties, such  as  a well  in  which  to  store  the  sensitized  plates 
prior  to  use,  will  be  required. 

We  have  endeavored  in  the  past  to  conduct  development 
programs  which  would  enable  us  to  meet  most  scientific  bal- 
looning requirements  when  they  were  presented  to  us.  The  re- 
quirements associated  with  Dr.  Alvarez's  experiment,  although 
beyond  our  present  capdbility,  appear  to  be  within  reach. 
Further,  though  they  appear  to  be  the  specialized  requirements 
of  one  experiment  now,  that  experiment  will  require  an  extend- 
ed series  of  flights  and  it  is  probably  the  precursor  of  simi- 
lar flights  by  others  Therefore  we  believe  that  we  should 
not  overemphasize  the  special  nature  of  requirements  associ- 
ated with  it.  On  the  contrary,  we  believe  that  we  should 
undertake  the  responsibility  for  providing  the  ballooning  ser- 
vices to  meet  the  requirements  of  the  Alvarez  group,  seeking 
developmental  funds  from  that  group  when  unique  techniques 
and  equipment  must  be  developed  and  tested  for  their  program. 
NCAR  must  expect  to  fund  those  aspects  of  development  which 
offer  immediate  significant  improvements  to  general  scientific 
ballooning  It  would  also  expect  to  pay  the  fixed  costs  of 
operating  the  Ballooning  Facility  as  it  does  now  for  all  scien- 
tific flights,  but  it  would  not  pay  the  cost  of  balloons,  helium 
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he  has  engaged  in  high-eru  rgy  i>h\su  s,  using  the  f>  billion  electron  volt 
Bevatron  at  the  University  ot  (‘.alifornia  Radiatum  Laboratory.  His  main 
efforts  have  been  concentrated  on  th.e.  development  and  use  of  large  liquid 
liydrogen  bubble  chambers,  and  t>n  th('  develojjment  of  high-speed  devices 
to  measure  and  analyze  llie.  millions  of  photographs  produced  each  year  by 
the  bubble  chamber  complex.  The  net  result  of  thus  work  has  been  the 
discovery  by  Dr.  Alvarez's  research  group,  of  a large  number  of  previously 
unknown  fundamental  particle  resonances. 


William  E.  Humphrey  recoived  the  Ph.  D.  degree  in  physics  from  the 
University  of  California  (Berkeley)  in  1961  and  joined  the  physics  staff  of 
the  Lawrence  Radiation  Laboratory.  Since  that  time  he  has  been  engaged 
. elementary  particle  physics  research  in  the  development  of  data  an- 
alysis equipment  and  techniques.  He  has  seven  publications  on  physics 
and  five  publications  on  data  analysis  techniques. 
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UNIVERSIXY  OF  ROCHESTER  SUGGESTION  FOR 


AN  EQUATORIAL  EXPEDITION. 


THE  UNIVERSITY  OF  ROCHESTER 
Rochester,  New  York,  14627 

Department  of  Physics  August  4,  1965 

and  Astronomy 

Gentlemen: 


We  have  now  analyzed  the  results  of  our  balloon 
flights  on  the  IQSY-EQEX  Expedition.  Notwithstanding  the  fact  that 
we  obtained  only  25%  (one  out  of  four)  of  the  flights  we  wanted, 
we  are  so  delighted  with  the  results  from  the  one  flight  and  for 
the  promise  that  it  holds  in  gamma  ray  astronomy,  that  we  should 
like  to  propose  another  equatorial  expedition. 

As  a result  of  flying  our  spark  chamber,  triggered 
for  gamma  rays,  at  the  equator,  we  are  able  to  set  upper  limits 
t02the  fluxes  from  several  sources  of  a few  times  10  ^ gammas  per 
cm^  sec.  This  is  about  a factor  of  50  better  than  that  obtained 
to  date  and  is  in  large  measure  due  to  the  low  secondary  background 
occurring  at  this  latitude  with  the  result  that  one  is  able  to  deter- 
mine flux  limits  at  a lower  level  from  point  sources* 

There  are  quite  a few  interesting  fluxes  to  look 
at  at  the  equator  and  some  further  down  in  southern  latitudes  and 
we  believe  that  another  expedition  is  certainly  merited  at  this 
time.  At  the  equator  we  flew  at  6-1/2  grams  and  flying  at  a higher 
altitude  would  enable  us  to  lower  our  limits  by  a factor  of  two  at 
least  or  alternately  going  to  a somewhat  higher  (or  lower)  lati- 
tude, for  example  Australia,  but  obtaining  a higher  altitude  would 
eneUsle  us  to  make  statements  on  fluxes  compaxddle  with  those  ob- 
tained at  Hyderabad. 


We  would  like  at  this  time  to  ascertain  your  inter- 
est in  participating  in  such  em  expedition,  since  clearly  establish 
ing  the  logistic  support  for  one  group  or  many  does  not  represent 
that  great  a difference  in  cost  and  effort  emd  the  more  people  from 
the  scientific  community  that  could  benefit,  the  more  likely  it  is 
to  obtain  the  necessary  funding. 

We  would  propose,  that  roughly  speaking,  the  expedi 
tion  be  scheduled  for  about  two  years  from  now  to  give  appropriate 
lead  time  for  all  parties  involved  and  also  so  that  we  could  build 
upon,  in  a meaningful  way,  the  experience  obtained  from  the  last 
expedition.  Preliminary  talks  with  NCAR  have  indicated  they  would 
be  willing  to  play  the  same  role  as  they  did  for  IQSY-EQEX,  and 
Rochester  would  be  willing  to  take  the  lead  in  responsibility  for 
the  formal  planning  and  submission  for  support  from  appropriate 
government  agencies.  In  first  approximation,  we  would  ask  for 
support  from  the  NSF  and  from  NASA.  We  should  very  much  like  to 
have  an  indication  of  your  interest  in  participating  in  such  an 
endeavor  and  would  request  a reply  by  September  1. 

We  are  enclosing  a list  of  people  to  whom  this 
letter  is  being  sent.  We  would  appreciate  your  bringing  to  our 
attention  any  omissions  we  may  have  made.  The  list  enclosed 
represents  principally  those  involved  in  the  IQSY-EQEX  Expedition. 


Sincerely  yours , 


^.G.M.  Duthie 


K.  Anderson 

C.  L.  Deney 

D.  R«  Dennis 
J.G.M«  Duthie 
£.  Ehrlich 

J,  T.  Ely 

R.  Fleischer 

J.  H.  Fregeau 

M.  VJ.  Friedlander 
G . H . Frye 

O.  £.  Guss 

L.  Katz 

S.  A.  Korff 

R.  S.  Kubara 
V.  E.  Lally 

L.  i^achta 

K.  G.  McCraken 
F.  McDonald 

P.  Meyer 

A.  Moore 
£•  Ney 

M.  A.  Pomerantz 
L • 0 , Quan 

S . Ruttenberg 
M.  H*  Shapiro 

B.  Stiller 

E.  P.  Todd 

C.  J.  Wadding ton 
J.  R.  Winkler 
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Agenda,  continued. 

and  other  similar  assignable  costs. 

The  unusual  r-squ irement  s of  this  request  for  services 
makes  it  easy  to  forget  the  usual  operational  requirements 
These  may  be  summarized  as  follows:  1)  flight  altitude  -- 

85  000  to  100,000  feet,  2)  flight  duration  --  up  to  24  hours, 
3)  approximate  weight  -■  8,000  pounds,  4)  geographical  area 
--  Southern  U S , 5.)  season  --  any  time  of  the  year,  6)  ac- 

celerations on  load  it  launch  --  less  than  Ig,  7)  accelera- 
tions on  landing  less  than  lOg,  8)  number  of  flights 

4 engineering  and  several  physics  flights  spread  over  3 to  7 
years 

The  Panel  is  reque.sted  to  approve  NCAR  participation  in 
the  flight  -eries  which  Dr  Alvarez  proposes  if  in  the  Panel’s 
view  the  flights  ace  feasible  and  warranted  by  the  scientific 
merit  of  the  experiments  proposed, 

10  Water  vapor  m^^asur  nt  comparisions  John  W.  Sparkman 

This  program  i=  a continuation  of  a program  started  in 
November  1962  A meeting  was  held  in  Washington,  D.C  on 
7 and  8 October  1965  to  explore  current  interest.  A resume'" 
of  the  status  of  the  program  and  plans  for  its  future  will 
be  given  by  Mr  Sparkman  at  the  meeting.  Panel  comments  are 
invited . 

11.  Another  equatorial  ballooning  expedition  suggested  --  Robert 

5 . Kubara 

A second  equatorial  expedition  has  been  suggested  by 
Doctors  M.  F Kaplon  and  J.  &,  M.  Duthie  of  the  University 
of  Pocheiter  A copy  of  a letter  sent  by  them  to  the  scien- 
tist? listed  is  enclosed,  Appendix  E.  NCAR  has  offered  to 
provide  ballooning  advice  and  perhaps  ballooning  management 
assistance  if  it  is  deemed  essential  Panel  comments  are 
invited 

1 2 . Election  of  Chairman 

1 3 . Date  and  time  tor next  meeting . 


END  OF  AGENDA 


